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Abstract
Senior pedestrians and drivers (65 years and older) are among the most vulnerable road users. As
the population of seniors rise, concerns regarding older adults' traffic safety are growing. The
advantages of using autonomous vehicles, innovative vehicle technologies, and active
transportation are becoming more widely recognized to improve seniors' mobility and safety. This
behooves researchers to further investigate senior road users’ safety challenges and
countermeasures. This study contributes to the literature by achieving two main goals. First, to
explore contributing factors affecting the safety of older pedestrians and drivers in the current
transportation system. Second, to examine seniors’ perceptions, preferences, and behaviors toward
autonomous vehicles and advanced vehicle technologies, the main components of future
transportation systems. To achieve the first objective, crash data involving senior pedestrians and
drivers were collected and analyzed. Using structural equation modeling, it was found out that
seniors’ susceptibility to pedestrian incidents is a function of level of walking difficulty, fear of
falling, and crossing evaluation capability. Senior drivers’ risk factors were found to be driving
maneuver & crash location, road features & traffic control devices, driver condition & behavior,
road geometric characteristics, crash time and lighting, road class latent factors, as well as
pandemic variable. To achieve the second objective, a national survey and a driving simulator
experiment were conducted among seniors. The national survey investigates seniors’ perceptions
and attitudes to a wide range of AVs features from the perspective of pedestrians and users. Using
principal component analysis and cluster analysis, three distinctive clusters of seniors were
identified with different perceptions and attitude toward different AV options. The driving
simulator experiment examined drivers’ behavior and preferences towards vehicle to infrastructure
warning messages. Using the analysis of covariance technique, the results revealed that audio
warning message was more effective compared to other scenarios. This finding is consistent with
the results of stated preferences of the participants. Female and senior drivers had higher speed
limit compliance rate. The findings of this study shed light on key aspects of the current and future
of transportation systems that are needed to improve the safety of senior road users.
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Chapter 1. Introduction
The number and proportion of older adults (65 years and above) in North America and elsewhere
is rapidly increasing. Numerous prior studies indicated that the travel behavior of older adults’
changes as they age, which often results in substantial mobility challenges (Mercado and Paez
2009). Physical and medical conditions were found to be the main reasons of reduced mobility
among seniors mainly because of threatening their safety as either a pedestrian or a driver.
Senior pedestrians represent one of the most vulnerable road users’ groups by accounting for 20%
of all pedestrian fatalities despite their current share of the total population (16%). Senior drivers,
especially those 75 years old and over, are at elevated risk of collision involvement per mile driven
(Lyman et al. 2002). Additionally, the likelihood of fatality or sever injury is higher among seniors
due to their fragility. According to Li et al. (2003), 70-74 and above 80 years old drivers were
twice and five times as likely as 30–59 years old drivers to die in a traffic collision, respectively.
Recent research revealed that COVID-19 pandemic was associated with noticeable changes in
travel demand, traffic volumes, and traffic safety measures. Despite the reduction of traffic
volumes across the US, several recent studies indicated that crash rates increased across different
states during COVID-19 pandemic. Although some recent studies have focused on examining the
changes in traffic condition and crash rates before and during the pandemic, insufficient research
has been conducted to identify risk factors to crash severity. Older drivers, one of the groups most
susceptible to traffic collisions and the coronavirus, are not given any consideration in the scant
study that has been done on the factors that contribute to crash severity. Additionally, this research
generally used data from up to three months to examine the early effects of the COVID-19
pandemic. However, the COVID-19 pandemic's mid and long-term consequences on road
accidents are still unknown.
It is also suspected that the emergence of the COVID_19 pandemic affected seniors’ perception
and attitude toward Autonomous Vehicles (AVs). Although AVs have been proposed as a
promising solution to seniors’ safety and mobility challenges, especially after driving cessation,
there has been mostly a negative perception toward them. However, the COVID-19 pandemic
posed novel transportation challenges, especially among seniors, which is suspected to result in a
noticeable change in seniors’ perception and attitude toward AVs. Therefore, it is necessary to
investigate the impact of COVID-19 pandemic on seniors’ perception and attitude toward different
options of AVs.
Previous research revealed that seniors who were more familiar with technology were more
positive toward AVs. The literature also revealed that more than half of seniors were not using the
Advanced Vehicle Technologies (AVTs) available in their vehicle. To pave the transitional path
to AVs, seniors are suggested to utilize AVTs currently available to them. However, there is
limited research investigating senior drivers’ behavior and preferences toward AVTs. To fill this
gap, it is crucial to identify senior behaviors and preferences towards AVTs to better tailor their
needs and ensure the successful implementation of AVs among seniors. Driving simulator studies
have been commonly used to investigate drivers’ behavior to new technologies without
jeopardizing drivers’ safety.

1

To address these gaps in the literature, this study aimed mainly to:
Objective 1: Examine safety of older road users through the identification of:
•
•
•

1.1. contributing factors affecting older adults’ involvement in pedestrian incidents
1.2. contributing factors affecting crash severity of older drivers
1.3. near-term impact of COVID-19 pandemic on crash severity among older drivers

Objective 2: Investigate older adults’ perceptions, preferences, and behavior toward autonomous
vehicles and advanced vehicle technologies through the identification of:
•
•

2.1. seniors’ perceptions and attitudes to a wide range of AV options from the perspective
of pedestrians and users
2.2. older drivers’ behavior and preferences to Vehicle to Infrastructure (V2I) warning
messages

To achieve objective 1.1, chapter two explores the determinants of older adults’ susceptibility to
pedestrians’ incidents (falls incidents and pedestrian-vehicle collisions). To identify seniors’ risk
factors to pedestrian incidents, a sample of 1001 older adults (65 years and above) was surveyed.
The data were analyzed using descriptive statistics, Confirmatory Factor Analysis (CFA) and
Structural Equation Modeling (SEM), to identify several latent factors that are significantly
associated with older adults’ involvement in pedestrian incidents. The results revealed that the
factors that affect older adults’ susceptibility to pedestrian incidents are level of difficulty while
walking, fear of falling, and crossing evaluation capability. In contrast, level of pedestrian
confidence and level of risk-taking crossing behavior are not among the significant factors. It was
also found that older pedestrians aged 65-75 years, males, and those who are still working had a
greater probability to be involved in pedestrian incidents. These findings can be used by
transportation authorities in prioritizing their plans, policies, and programs towards improving the
safety and mobility of older pedestrians.
To achieve objective 1.2 and 1.3, chapter three investigates the contributing factors affecting crash
severity of older drivers and examines the near-term impact of COVID-19 pandemic on crash
severity among older drivers. To this end, a relatively large sample of crash data with senior drivers
at fault were obtained and analyzed during and before the COVID 19 pandemic period. To identify
the main contributing factors affecting crash outcomes related to older drivers, Exploratory Factor
Analysis (EFA) was conducted on this high-dimension data set to identify potential latent factors
which were validated through CFA. Subsequently, SEM technique was performed to examine the
associations among the identified independent latent factors and dependent variable. Additionally,
SEM model identified the impact of the COVID-19 pandemic on seniors’ crash severity. The
findings revealed that several latent variables were the significant predictors of crash severity of
older drivers including “Driving maneuver & crash location”, “Road features and traffic control
devices”, “Driver condition & behavior”, “Road geometric characteristics”, “Crash time and
lighting”, and “Road class” latent factors. In addition, the binary variable of “Pandemic” was found
to be as highly significant as the last four latent factors mentioned above. This means that older
drivers more likely to be involved in higher crash size with higher severity level during the
pandemic period. The results of this study provide useful insights that may improve road safety
among senior drivers.
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To achieve objective 2.1, chapter four studies seniors’ perceptions and attitudes to a wide range of
AV options from the perspective of pedestrians and users. Underlying this objective is to examine
older pedestrians’ safety perceptions and behaviors at crosswalks in the presence of AVs. To this
end, a national survey was conducted then to collect data from a sample of 1000 senior Americans.
Using Principal Component Analysis (PCA) and Cluster Analysis, three clusters of seniors were
identified with different demographic characteristics, perceptions, and attitudes toward AVs. PCA
findings revealed that “risky pedestrian crossing behavior,” “cautious pedestrian crossing behavior
in the presence of AVs,” “positive perception and attitude toward shared AVs,” and “demographic
characteristics” were the main components explaining most of the variation within the data,
respectively. The PCA factors’ scores were used in the cluster analysis, which resulted in the
identification of three distinctive groups of seniors. Cluster one included individuals with lower
demographic scores and a negative perception and attitude toward AVs from the perspective of
users and pedestrians. Clusters two and three included individuals with higher demographic scores.
Cluster two included individuals with a positive perception toward shared AVs from the user
perspective, but a negative attitude toward pedestrian-AV interaction. Cluster three included those
with a negative perception toward shared AVs but a somewhat positive attitude toward pedestrianAV interaction. The findings of this study provide valuable insights to transportation authorities,
AV manufacturers, and researchers regarding older American’s perception and attitude toward
AVs as well as their willingness to pay and use Advanced Vehicle Technologies during the
COVID-19 pandemic.
To achieve objective 2.2, chapter five examines drivers’ behavior and preferences to Vehicle to
Infrastructure (V2I) warning messages. To this end, a driving simulator study was designed and
implemented to test drivers’ behavior and preferences toward in-vehicle audio and text warning
messages. In addition, drivers’ behavior, and compliance to different V2I warning messages were
studied when drivers were approaching horizontal curves. Three main hypotheses were analyzed
in this regard. First, whether supplying drivers with in-vehicle V2I warning messages will
positively affect drivers’ behavior at horizontal curves compared to the standard road signs.
Second, whether there will be a difference in drivers’ behavior when receiving text and audio V2I
warning messages. Third, whether seniors and female drivers better comply with speed limit than
younger and male drivers once V2I messages are provided. The Analysis of Covariance
(ANCOVA) confirmed the first two hypotheses. Two main measures of drivers’ behavior (i.e.,
minimum deceleration rate and speed before curve initiation) found to be lower in the V2I
communication scenarios compared to the base one. The audio warning message was found to be
more promising in increasing drivers’ compliance with speed limit advisory when approaching the
horizontal curves. The results of the self-reported survey also showed that most of the participants
were inclined toward the audio warning messages. Analyzing the third hypothesis revealed that
younger and male drivers had higher curve initiation speed compared to female and senior drivers.
The findings of this study can be used by transportation researchers, authorities, and car
manufacturers to improve the effectiveness of in-vehicle V2I warning messages among different
profiles of drivers.
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Chapter 2. Exploring Safety Challenges of Senior Pedestrians
2.1. Introduction
The number and proportion of older adults (65 years and above) in North America and elsewhere
is rapidly increasing, posing novel challenges to transportation researchers and planners
(Schwanen and Páez 2010). Numerous prior studies have indicated that the travel behavior of older
adults’ changes as they age, which often results in substantial mobility challenges (Mercado and
Paez 2009). Active travel, and in particular walking, is recommended for older adults as a way of
maintaining active and engaged lifestyles, as well as a tool to meet physical activity guidelines
(Moniruzzaman et al. 2014). As a result, an emerging body of research has strived to investigate
the walking behavior of older adults (Moniruzzaman et al. 2015, Winters et al. 2015,
Moniruzzaman and Páez 2016, Cheng et al. 2019, Martín and Páez 2019).
While active travel is recognized as a healthy and convenient mobility alternative for older adults,
other researchers caution that attention must be paid to other factors, such as the safety of adults
transitioning to non-driving (e.g., Dickerson et al. 2019). Cirella et al. (2019) warned that legacy
guidelines regarding the safety of older road users overlook present-day travel patterns, transport
and safety needs and mobility implications for the elderly. According to NHTSA (2018),
pedestrian fatalities accounted for about 16% of all traffic fatalities that occurred in 2017.
Pedestrian fatalities increased by 3.4 percent in 2018 compared to 2017, while there was a decrease
in fatalities of motorized mode shares. Also, the US crash data showed that pedestrians are 1.5
times more likely to be killed in vehicle-pedestrian crashes compared to passenger vehicle
occupants (Beck et al. 2007). So, pedestrian-vehicle collisions are of primary concern. Similarly,
in Canada, fatalities disproportionately happen when vehicles collide with pedestrians (Paez et al.
2020). Furthermore, older adults represent one of the most vulnerable road users’ groups by
accounting for 20% of all pedestrian fatalities despite their share of the total population (16%).
Similarly, according to 2018 Transport Canada's National Collision Database (NCDB), pedestrians
ranked as the third largest fatality group by 17.3% of total fatalities, behind drivers (49.9% of total
fatalities) and passengers (17.7%), and larger than motorcyclists (10.4%) and bicyclists (2.3%).
Accordingly, Canadian older adults accounted for 21.6% of total fatalities and 14.5% of serious
injuries. According to 2010 Ontario Pedestrian Death Review, Canadian older adults involved in
pedestrian crashes have had a noticeable disproportionate share of fatalities by 36% compared to
their small share of the total population (13.2%).
Due to the increasing share of older adults in the total population of North America as well as the
growing share of pedestrian injuries and fatalities, more effort is still needed to improve their
safety. This is contingent upon identification of their challenges and limitations while walking or
crossing streets. Although there are many studies investigating older adults’ safety related issues,
most of them focus on the mitigation of older drivers’ crashes and there is a clear need for research
about the needs of older travelers beyond driving (Dickerson et al. 2019). Although more effort
has been made to investigate elderly pedestrian safety after stressing this issue by NHTSA report
in 2001, there are few studies that investigate human-related factors of older road users (i.e., level
of difficulty while walking, fear of falling, level of pedestrian confidence, crossing evaluation
capability, and level of risk-taking crossing behavior) that influence their involvement in
pedestrian crashes and incidents (e.g., falls while walking) besides their socio-demographics.
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“Level of difficulty while walking” refers to physiological health condition of older pedestrians.
It was defined as having difficulty while walking or using mobility aid devices daily. “Level of
pedestrian confidence”, “fear of falling”, and “crossing evaluation capability” were defined to
address perceptual, psychological, and cognitive aspects of older pedestrians’ health condition,
respectively. “Level of pedestrian confidence” refers to older adults’ perception of safety and their
confidence toward transportation network and condition as they walk or cross a street, which
affects their performance. “Fear of falling” among older adults causes them to frequently look on
the ground and to pay less attention to the surrounding traffic condition. Similarly, “crossing
evaluation capability” addresses the ability of older adults to comprehend the traffic condition to
perform a safe pedestrian action. “Level of risk-taking crossing behavior” reflects older adults’
crossing behaviors. By identifying and mitigating factors contributing to older adults’ involvement
in pedestrian incidents, their safety can be improved in both pedestrian-vehicle collisions and
pedestrian fall injuries.
The relation between reduced visual functions, elderly’s pedestrian falls, and their involvement in
traffic accidents has been investigated by many previous studies (such as Harwood, 2001; Haymes
et al. 2007; Szabo et al. 2008). In addition, the effects on balance control (Shkuratova et al., 2004)
and self-regulation failure of pedestrians (Nakagawa, 2019) due to natural aging were investigated.
Avineri et al. (2012) investigated the impact of elderly fear of falling (FOF) that results from being
rushed while crossing a street. Hong et al. (2015) found that depressive symptom and arthritic
conditions contributed to older pedestrians’ crashes in Korea.
However, these prior studies have two major limitations. First, these studies mainly focused on
particular age-related limitations of older adults (e.g., visual impairments, being rushed while
crossing a street, walking difficulties, and balance control) beside their demographics. Therefore,
they have not provided an overall perspective of contributing factors that affect older adults’
involvement in pedestrian crashes through a holistic consideration of their walking condition, fear
of falling, level of pedestrian confidence, crossing evaluation capability, and behavioral factors
besides their socio-demographic characteristics. Second, there are two aspects related to human
factors affecting older adults’ pedestrian safety. One is focused on fall injuries of older adults,
while the second is focused on older adults’ involvement in traffic collisions without considering
the falling history of older adults. By combining these two using appropriate statistical techniques,
more comprehensive insight can be obtained about the age-related human factors influencing older
adults’ involvement in pedestrian incidents.
Considering these gaps, this study aimed to contribute to the literature by identifying and
quantifying factors affecting older adults’ involvement in pedestrian related incidents/crashes.
Underlying this objective is to provide more insights regarding older adults’ walking condition,
fear of falling, level of pedestrian confidence, and crossing evaluation capability as well as risktaking behavior that contribute to their involvement in pedestrian incidents. Therefore, in this
study, a pedestrian incident is defined as being struck or nearly struck while crossing a street or
falling while walking on a street. This broader scope allows us to identify age-related human
factors of older adults causing or leading them to pedestrian incidents. To this end, data from 1001
older Canadians living in the Greater Golden Horseshoe Region of Canada were collected in 2019
through an online survey. Using structural equation modeling, latent human-related factors of older
Canadian pedestrians affecting their involvement in pedestrian crashes and incidents were
identified. It is believed that the result of this task is a step forward in promoting safety, walkability,
and mobility among older adults’ population.
5

2.2. Background
Older pedestrians represent one of the most vulnerable road users’ groups due to their physical
fragility and other factors. Age-related challenges of older pedestrians include but are not limited
to: slower walking speeds, reduced vision, increased FOF, difficulties in balance or responding to
missteps/slips, the reliance on supportive instruments such as canes or crutches, and self-regulation
failure. These limitations reduce the ability of an older pedestrian to respond to instances where
the driver fails to yield during turning movements (e.g., it was found that drivers making a lefthand turn fail to yield to pedestrians 62% of the time (Habib 1980)). Previous studies indicated
that older pedestrians cannot move as quickly (especially during snowfall) and require more time
to begin the walking process (Knoblauch et al. 1995).
Hardwood (2001) investigated the relationship between visual functions and falls. Hardwood
analyzed a total of 29,753 instances related to falls risk and depth perception, and 21,788 instances
relating falls risk and contrast sensitivity. The findings indicated that visual impairment does
present a risk factor for falls, accounting for approximately a 100% increase in fall risk. Limitations
presented as a relationship between visual challenges and falling, requiring further analysis to
determine the exact impact visual challenges have on falls.
Shkuratova et al. (2004) examined the effects on balance control while walking due to natural
aging. A total of 20 healthy older adults (65-85 years) and 20 healthy young adults (20- 40 years)
participated in walking tests measuring the spatiotemporal changes in footstep patterns using a
Clinical Stride Analyzer. The results demonstrated that older participants elect to implement
strategies while walking to maximize stability when balance was disturbed. When acceleration to
faster walking speeds was required, older participants were unable to match the speed and stride
length increase. The study limitations include the exclusion of older adults who had fallen in the
previous 12 months, and limited participants age to 85.
Avineri et al. (2012) explored the factors of crossing speed, head pitches (the act of looking
towards the ground when walking) and FOF in older pedestrians’ road crossing behavior. Analysis
included video recording of 203 pedestrians across two sites (signalized and un-signalized) in TelAviv, Israel, in addition to a questionnaire to investigate individuals fear of falling (FOF). The
findings indicated that age has a significant effect on crossing speed across both intersections and
the “normal walking speed” on sidewalks. Additionally, head pitch was significantly related to
self-report of any level of FOF, resulting in an increased time focusing on the pavement (26.4%
as opposed to 14.0%) rather than interpreting the surrounding environment. Limitations of the
study include that the survey length consisted of only 10 questions to obtain pedestrians
participation. Also, FOF was assessed using one related question. Thus, it was recommended that
further studies require exploration of the risk perceptions, attitudes and perceived behavior control
which help to explain the related FOF. Scale was another limitation of the study, as the two sites
garnered a total of 203 pedestrians, of which 75 were above 65 years old.
Hong et al. (2015) examined the occurrence and factors associated with traffic accidents among
older adults in Korea. Data of 680,202 adults aged 19 and above, and 210,914 adults aged 60 years
or above were collected by a survey. The findings of the logistic regression analysis indicated that
men are more likely to be involved in traffic collisions than women and crashes further declined
with age for women. Depressive symptom (the experience of feeling despair and sadness for 2 or
more weeks) was the most significant predictor for both genders, while employment status and
arthritic conditions presented as strong risk factors for men and women, respectively. One
6

limitation is that the study was not able to determine the participant’s involvement in collisions as
a pedestrian or driver due to questionnaire limitations.
Etehad et al. (2015) explored the patterns associated with 1,306 older adults and road traffic
accidents using a cross sectional study of pre-hospital emergency system and police reports of
older adults aged 60 years. The findings showed that most of the injured persons from traffic
collisions were males (74.7%) and pedestrians represented 40.5% and 59.4% of the sample aged
60-74 and 75 or above respectively. The older elderly had a mortality rate of 16.1%, higher than
the hospital average of 10.1%. Furthermore, most of these injuries occurred during rush-hour
times. One limitation of this study is that accident victims who were pronounced dead on scene or
did not require hospital care were not included. Additionally, there was a lack of background and
post hospital visit physical & health conditions, such as previous disease/morbidity status or
physical disabilities due to injuries incurred (Etehad, Yousefzadeh-Chabok et al. 2015).
Duim et al. (2017) assessed the walking speed of older pedestrians living in Sao Paulo, Brazil with
international standards for pedestrian crossing. A cross-sectional, population-based study was
performed using 1,191 individuals aged 60 years or older. Walking speeds of these individuals
were measured through a physical test, while interviews were undertaken to assess health status
and socio-demographic characteristics. The results revealed that most of older adults in Sao Paulo
(97.8%) do not walk at the required pace demanded by international pedestrian crossing standards
(1.2 m/s). In fact, it was found that 69.7% would require additional time if the reference walking
speed was reduced to 0.9 m/s. The limitations of the study include the absence of a consensus on
the measurement of walking speed of older pedestrians, with different studies requiring
participants to walk different distances to ascertain walking speed (Duim, Lebrão et al. 2017).
Nakagawa (2019) studied the typologies of older Japanese pedestrian crashes with vehicles based
on their self-regulation failures. A small sample of 18 older adults above 65 were interviewed.
Using personal construct theory and cognitive maps, their incidents were classified into different
groups based on four dimensions of self-regulation type, motivation, failure, and collision
characteristics because of this failure. The findings revealed different practical strategies to reduce
older pedestrian crash involvement to help them better self-regulate themselves.
Considering the aforementioned studies, physiological, and perceptual limitations of older adults
were all found to be significant in older adults’ involvement in pedestrian incidents (including
pedestrian crashes and falls). Because most of these studies were focused only on one human factor
besides demographics, no comprehensive comparison can be explicitly made regarding the most
and least factors influencing older adults’ involvement in pedestrians’ incidents. Moreover, none
of these studies considered age-related human factors contributing to both traffic collision and
pedestrian falls. To fill this gap, this study investigated determinants of accident susceptibility of
older pedestrians including walking condition (as a measure of physiological characteristics), level
of pedestrian confidence (representing older pedestrians’ perception of safety), crossing evaluation
capability, and crossing behaviors simultaneously besides demographic characteristics to identify
significant factors that affect older adults’ involvement in pedestrian incidents (i.e., both traffic
collision and pedestrian fall injuries).
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2.3. Data
The data used in the analysis of this study was collected from an online questionnaire that was
conducted among a sample of older Canadians (65 and above) living in the Greater Golden
Horseshoe Region in 2019. The survey was designed by Dr. Hany Hassan and received the
Institutional Review Board (IRB) approval, at McMaster University, Canada in 2019, before he
joins Louisiana State University (LSU). He was the main researcher working on a project entitled
“Examining traffic safety challenges of older Pedestrians in Canada”. Design thinking approach
was used to design the survey instrument which includes several stages: Empathize, Define, Ideate,
Prototype, and Test. As a foundation of a human-centered design process, the “Empathize” stage
involved observation (view older pedestrians and their walking and mobility behaviors in the
context of their lives), engagement (interact with and interview older pedestrians in Hamilton),
and immersion (experience what seniors experience during walking and crossing roads). During
the “Empathize” stage, literature review, interaction and interviews were conducted with a sample
of older pedestrians in Hamilton to assist us with creating survey contents and research ideas.
In the “Define” stage, findings were unpacked and synthesized into compelling needs and insights
to develop a deep understanding of the users’ point of view regarding their susceptibility to fall
incidents and vehicle collision. As the third stage of the design thinking approach, “Ideate” refers
to a focus on idea generation. The goal was to explore a wide solution space, large quantity of
diverse ideas. Then, prototypes (survey pilot) were built upon these numerous ideas to test among
older pedestrians. “Prototype” is the fourth stage in which ideas and explorations were translated
into the physical world. In this stage, the first draft of the survey instrument was prepared. Finally,
“Test” was the last stage of the design thinking approach in which the first draft of the survey
instrument was tested by scheduling interviews with a total of 10 older adults who live in Hamilton,
Canada. Accordingly, the questionnaire content was refined and improved.
According to 2020 Canadian census data, 18% of the total Canadian population are older adults
65 years and above. Ontario province by having 17.6% older population matches the proportion
of older adults in the country. Therefore, survey responses were collected through an online survey
from older adults who live in the Greater Golden Horseshoe Region, in Southern Ontario, Canada
which includes approximately half of Ontario’s population. So, it is considered as a good
representation of the older Canadian population, though it might be viewed as more upscale than
other parts of Canada, as this is overall one of the most affluent regions in Canada. The distribution
of surveyed older adults within the study area (shown in Figure 2.1) was proportional to the
population of the cities.
The survey was administrated by Dynata Company, which maintains online panels and provides a
suite of services to enable data collection through surveys. Dynata’s business models constantly
work toward maintaining a database of survey panelists that are representative of the population
of interest (in this case older adults with the GGHR). To collect the data, Dynata sent online
invitations by email. Survey pages must be complete before respondents go on to the next page.
“Prefer not to answer” options are given for some sensitive questions. To validate responses, we
worked with Dynata on “soft launches” to verify that initial responses to the survey are reasonable.
Incentives were offered to respondents after completing the questionnaire in the form of coupons
and vouchers to several products. As shown in Table 2.1, a total of 1001 Canadian older adults
completed the survey, with a similar number of participants in each gender by age category.
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Figure 2.1. Distribution of survey respondents within the study area
Table 2.1. Survey participants by age and gender
65-69
70-74
75-79
Age
8-84
85-89
+90
Total

Gender
Female
Male
202
153
154
158
105
124
30
41
14
15
2
3
507
494

Total
355
312
229
71
29
5
1001

The survey instrument included six sections (see Table 2.2): (1) recent pedestrian incidents, (2)
walking habits, challenges, and perceptions, (3) walking limitation and walking aids, (4) crossing
behaviors, (5) demographics characteristics, and (6) their main role in the mobility system.
Participants were asked to express their level of agreement/disagreement with different statements
about walking habits, challenges, and perceptions on Likert scale ranging from strongly agree to
strongly disagree with several statements. Section (3) was designed in such a way to include
different dimensions of human factors affecting seniors walking and crossing abilities. Similarly,
participants indicated their agreement/disagreement with several statements about their crossing
behavior and using mobility aids while walking on Likert scale ranging from always to never and
daily to never. The scale and coding of all variables are provided in Table 2.2.
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Table 2.2. Survey questions and their coding
A
V11
V12
V13
B
V21
V22
V23
V24
V25
V26
V41
V42
V43
V44
V51
V52
V53
V54
V55
C
V31
V32
V33
V34
V35
D
V61
V62
V63
V64
V65
E
V71
V72
V73

Recent pedestrian incidents
In the last year, how many times have you fallen while walking?
In the last 5 years, how often have you been struck while crossing the road?
In the last 5 years, how often have you nearly been struck by a vehicle
while crossing the road?
Walking habits, challenges, and perceptions
I do not feel safe even when I walk near busy streets
I do not feel safe when I walk on crowded sidewalks
I consider how visible my clothing is to motorists
I do not feel confident walking at night, and that all motorists can see me
I do not feel safe to cross without cars have come to a complete stop
I feel that drivers travel too fast
I worry about falling while walking
I worry about falling if I feel rushed at an intersection
I look at the ground instead of traffic when crossing
I look at the ground more often when I feel rushed
It is hard to judge when it is safe to cross at un-signalized pedestrian
crossings
I have difficulty judging the speeds of oncoming vehicles
I often find that there is "Too much going on" to make a decision when
crossing
I spend too much extra time deciding when to cross
I have difficulty seeing and interpreting traffic signals
Walking limitation and walking aids
How often, if at all, do you use a walker to support your walking?
How often, if at all, do you use a wheelchair to support your walking?
How often, if at all, do you use a scooter to support your walking?
How often, if at all, do you use a cane to support your walking?
Do you have a physical limitation, disability, or medical condition that
negatively impacts your ability to walk at a roadway crossing?
Crossing behaviors
Talking on my phone
Looking at my phone
Running across the street to beat the oncoming traffic
Ignoring traffic signals and assuming drivers will yield to pedestrians
Crossing between parked vehicles
Demographics
What is your gender?
What is your current employment status?
What is your age?

V74
V75
V76

What is the highest level of education that you have completed?
What is your marital status?
What is your total annual household income?

V77
V78

Do you drive at least one of the vehicles in your household?
Do you rent or own your home?

V79

How long have you been living at your current residence?

(Table cont’d.)

10

Coding
Continuous (0,1,2,3,4, 5 and
above)

Ordinal (1 strongly disagree, 2
disagree, 3 neutral, 4 agree, 5
strongly agree)

Ordinal (1 daily, 2 weekly, 3
monthly, 4 annually, 5 never)

Binary (1: Yes, 0: No)

Ordinal (1 always, 2 often, 3
sometimes, 4 rarely, 5 never)

Binary (0: female)
Binary (0: unemployed)
Ordinal (1: 65-69, 2: 70-74, 3:
75-79, 4: 80-84, 5: 85-89, and
6: 90+)
Binary (0: high school
diploma and below)
Nominal (1: single, 2: married,
3: other)
Binary (0: below $40k, 1:
above $40k)
Binary (0: No, 1: Yes)
Binary (0: No, 1: Yes)
Ordinal (1: Less than a year, 2:
1-5 years, 3: 5-10 years, 4: 1025 year, 5: above 25 years)

F
V81
V82
V83
V84

Role in the mobility system
Is being a pedestrian your main role in your mobility system?
Is being a cyclist your main role in your mobility system?
Is being a car passenger your main role in your mobility system?
Is being a transit-user main role in your mobility system?

Binary (0: N0, 1: Yes)

2.4. Method
Figure 2.2 illustrates the analytical methodology adopted in this study. First, descriptive statistics
and Pearson Chi-Square Asymptotic 2-sided significance statistic were conducted to initially
explore the data including the trend of pedestrian incidents by other factors (e.g., age and gender).
Exploratory data analysis helped the selection of candidate items for simultaneous analysis of
multiple measurements on individual respondents under the aforesaid objects of interest. To this
end, we chose Structural Equation Modeling (SEM) as the most appropriate approach to identify
latent factors responsible for variation in the data. This method has been frequently used to analyze
structural relationships between observed and latent factors as a two-step approach by combining
factor analysis and multiple regression analysis (O'Rourke and Hatcher 2013).

Figure 2.2. Methodology used in exploring safety challenges of senior pedestrians
The first step of SEM is to develop an acceptable measurement model using Confirmatory Factor
Analysis (CFA) which identifies latent factors of interest based on the observed variables. The
measurement model allows for covariance between the latent factors and consequently no
directional relationships can be predicted (Asparouhov and Muthén, 2009). Since SEM is an a
priori theory approach to test whether a developed theory is supported by empirical data, the
measurement model should be specified by the researcher (Ockey 2013). Accordingly, the a priori
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model of interest of this research was established using CFA. After obtaining good fit to the data
via CFA, the theoretical model was developed.
The second step of SEM is to develop the structural model by modifying the measurement model
and introducing directional relationships between latent variables which was not allowed at the
first step (O'Rourke and Hatcher 2013).
To establish the structural model, path analysis was conducted by allowing the directional path
between the latent factors. Moreover, some observed variables representing demographics
characteristics of older adults were included in the revised SEM model in such a way to obtain the
highest goodness of fit measure in the trial-and-error series of SEM revision.
SEM was assessed using several goodness of fit indices including Goodness of Fit Index (GFI),
Adjusted Goodness of Fit Index (AGFI), Standardized Root Mean Square Residual (SRMR), Root
Mean Square Error of Approximation (RMSEA), and Bentler Comparative Fit Index (BCFI). ChiSquared test has its own limitations and is sensitive to the sample size, therefore, it is not preferred
for the use in SEM analysis (Cangur and Ercan, 2015). The GFI and AGFI are representing a better
fit when they are above 0.9. The SRMR measure should be below 0.05 for a good fit model. The
RMSEA represents a good fitting model when its value is below 0.08. The ideal range for BCFI is
to be between 0.9 and 0.94. It is worth mentioning that it is rare in practice to have all these
measures satisfying the cut-off values, so the model is judged to fit sufficiently well if most of the
aforesaid measures are met (O'Rourke and Hatcher, 2013). All analysis was conducted using the
SAS software package.
2.5. Analysis
2.5.1. Descriptive Statistics
The analysis of the survey responses indicated that 49.4% of participants were males, 35.5% were
65-69 years old, 31.2% were 70-74, 22.8% were 75-79, 7.1% were 80-84, 2.9% were 85-89 and
0.5% were 90 years old or above. Overall, the survey closely resembles the composition of the
population of older adults in the study area (see Table 2.3). The only exception was for those aged
80 years and above who were underrepresented in our survey sample. This can be attributed to the
fact that this age group is not so active in accessing the internet compared to younger age groups.
This is one of the limitations of this study that should be addressed in future research by collecting
the survey responses through multiple survey methods in addition to the online survey.
Table 2.3. Proportion of older adults in Canadian population and the survey
Age Classes
65- 69 years
70- 74 years
75- 79 years
80- 84 years
85- 89 years
90 and above
Total

Proportion of older adults in
older Canadian population
31.81%
25.89%
17.66%
11.96%
7.76%
4.92%
100%

12

Proportion of
survey respondents
35.5%
31.2%
22.8%
7.1%
2.9%
0.5%
100%

Nearly, 67% of respondents were married, 72% had higher education than high school diploma,
86% were not currently working, and 80% of them were reported to earn less than $40K annually.
In terms of housing characteristics, 80% of participants owned their house and only 0.6% were
living in retirement dwellings. Moreover, about 66% of the surveyed participants had less than one
vehicle per adult in their household, 28% had one vehicle per adult, and about 6% had no vehicle
available in the household. However, 87% of respondents were driving at least one of the vehicles
in their household.
As shown in Table 2.4, only 4% of participants reported that they have been struck by a vehicle
while crossing a street in the past five years. Approximately, 29% of participants have nearly been
struck by a vehicle while crossing a road during the same period. Among them, 33.5% have
experienced at least one fall within the last year. This suggests that although a small portion of
older adults have experienced a traffic collision (4%), they are at much higher risk because more
than one third of participants were exposed to possible pedestrian-vehicle collision or falls while
walking, which could lead to traffic collisions as well. Therefore, as noted earlier, it is critical to
consider all potential incidents leading to pedestrian-vehicle crashes.
Table 2.4. Pedestrian Incidents of participants
# of
incidents
0
1
+2
Total

Struck while crossing in
the last 5-years
Frequency Percentage
962
96.1%
21
2.1%
18
1.8%
1001

Nearly struck while
crossing in the last 5-years
Frequency
Percentage
711
71.03%
171
17.08%
119
11.89%
1001

Falls while walking in
the last year
Frequency Percentage
666
66.5%
208
20.8%
127
12.7%
1001

A two-way analysis (Pearson Chi-Square Asymptotic 2-sided significance statistic) was developed
to test the associations between the survey questions about pedestrian incidents and participants’
age and gender. Non-significant p-values of 0.33 and 0.08 were obtained for “being struck by a
vehicle while crossing” with age and gender categories, respectively. This means that there was
no significant relation between age or gender and having a pedestrian-vehicle collision. Also, pvalues of 0.22 and 0.49 showed no significant relation between “being nearly struck by a vehicle”
with age and gender, respectively. Similarly, there was no significant relationship between age and
gender with older adults’ number of falls with 0.75 and 0.65 p-values, respectively.
About 23% of the participants claimed that they have a physical limitation, disability, or medical
condition that negatively impacts their ability to walk at a roadway crossing. About 13% and 5%
of the participants were using some sort of mobility aids on a daily and weekly basis, respectively.
The most common mobility aids were cane, walker, wheelchair, and electric mobility scooters,
respectively.
In this study, “level of pedestrian confidence” was defined as how unsafe older pedestrians feel
while walking or crossing a street. This aspect is suspected to affect their involvement in pedestrian
incidents. The findings showed that the most common factor causing an unsafe feeling of older
pedestrians was “drivers travel too fast”. More than two third of the participants strongly agreed
on this and even 72% of them felt unsafe to cross a street until all cars have come to a complete
stop. Approximately, 18% of the participants have not felt safe while walking near busy streets or
on crowded sidewalks. About half of the participants felt unsafe to walk at night and often
considered how visible their clothing is to motorists.
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More than a quarter of the participants (27%) reported FOF while walking. The FOF increased to
35% when older adults felt they were rushed at an intersection. Although only 9% of the
participants were looking at the ground instead of traffic when crossing, this percentage almost
tripled if respondents felt they were rushed to complete their crossing. This suggests that FOF is a
common issue among older adults, which causes them to focus on their steps instead of traffic.
Also, this situation was exacerbated when they were rushed.
“Crossing evaluation capability” targeted older adults’ ability to comprehend traffic condition and
respond appropriately to it. More than one third of the participants strongly agreed on having
difficulty in judging when it is safe to cross at unsignalized pedestrian crossings. About 15% of
the participants claimed to have severe difficulty in judging the speeds of oncoming vehicles as
well as assessing the traffic flow to decide when to cross. However, only 4% of participants had
difficulty in seeing and interpreting traffic signals.
To address the role of behavioral factors in older pedestrian incidents, respondents were asked how
often they talk or look at their cell phones while crossing. More than 90% reported that they never
engaged in such behaviors. About 7% rarely used their phones while crossing and less than 3%
were engaged in cell phone activity while crossing. In addition, 87% never or rarely ignored traffic
signals while only 11% assumed that drivers will yield to pedestrians. Furthermore, 80% of the
participants rarely ran across the street to beat the oncoming traffic. Similarly, only 20% of the
participants sometimes crossed between parked vehicles.
Participants were asked to report their own perceived role in the transportation system (e.g., being
a driver, passenger, pedestrian, cyclist, etc.). It was found that almost three quarters of participants
(70%) identified with driving a vehicle, while being a pedestrian was the main perceived role for
only 17.7% of participants. About 9% of participants saw themselves as passengers. Transit,
bicycle, and wheelchair were the main transportation mode for very small portions of participants
(1.5%, 0.9%, and 0.8%, respectively.
It should be noted that the Greater Golden Horseshoe study area, from which survey responses
were collected, is diverse. It includes representation from essentially all elements of the urbanrural hierarchy from the densest of urban settings in the heart of Toronto, to some quite remote
rural areas. The Toronto metropolitan area is the major urban center but there are other significant
cities in the region such as Hamilton, Oshawa, Kitchener-Waterloo, Niagara Falls and several
others. The area is generally well-served by high-end freeway/highway infrastructure supported
by comprehensive grid-like networks of urban arterials in urban settings. The transportation
infrastructure in the study area is arguably the most advanced and comprehensive in Canada. Most
urban settings are served by public transit with parts of Toronto being served by subway and other
areas progressing towards other higher-order forms of transit such as light rail or bus rapid transit.
Most urban settings in the study area are notably denser than most US metropolitan contexts, which
tend to be more sprawled. Pedestrian infrastructure in the study area is also generally more
extensive than in many US contexts – and this is favorable for the population cohort considered in
this study. There are many suburban contexts in the US, for example, and in certain commercial
strip contexts there, where pedestrian infrastructure is missing entirely since the focus is on
automobility. Voids in pedestrian infrastructure are much less common in the Canadian study area.
The character of the study area can be considered as “North American” but with some selected
strong similarities to European transport/pedestrian infrastructure. Thinking along these lines,
transferability of insights from this study should be valid for both cases and for other parts of the
world.
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2.5.2. Confirmatory Factor Analysis (CFA)
The first step in conducting SEM was to develop an acceptable measurement model. The
measurement model identified significant latent constructs of interest as well as loading factors
representing which observed variable is used to measure which latent construct. In the
measurement model, latent variables covary with each other but no directional relationship is
specified. An a priori model of interest was designed to test the relation between six latent factors
using CFA elaborated in the following.
Three variables V11 (number of falls within last year), V12 (number of being struck within last
five years), and V13 (number of nearly being struck within last five years) significantly loaded on
the first latent factor and hence it was labeled “susceptibility to pedestrian incidents” (F1). F1 was
the endogenous latent factor of interest (dependent variable).
Six variables V21 (not feeling safe while walking near busy streets), V22 (not feeling safe while
walking on crowded sidewalks), V23 (consider the visibility of their clothes), V24 (not feeling
confident to walk at night and being concerned about being visible to motorists), V25 (not feeling
safe to cross without cars are stopped completely), and V26 (feeling that drivers travel too fast)
were significantly loaded on the second latent factor which was called “level of pedestrian
confidence” (F2).
The third latent factor of “level of difficulty while walking” (F3) included five observed variables
(i.e., V31 (using a walker), V32 (using a wheelchair), V33 (using a cane), and V34 (having
physical limitation or disability affecting their walking ability)) with significant loading factors.
Four observed variables loaded significantly on F4 latent factor, which was named “fear of
falling”. They were: V41 (level of worry about falling while walking), V42 (being worried about
falling if feeling rushed at an intersection), V43 (looking at the ground instead of traffic when
crossing), and V44 (looking at the ground more often when feeling rushed).
Similarly, five variables V51 (having difficulty to judge when it is safe to cross at un-signalized
pedestrian crossings), V52 (having difficulty in judging the speeds of oncoming vehicles), V53
(there is "Too much going on" to decide when to cross), V54 (spending too much extra time
deciding when to cross), and V55 (having difficulty in seeing and interpreting traffic signals)
significantly loaded on the fifth latent factor, which was called “crossing evaluation capability
(F5)”.
In addition, five observed variables loaded on “level of risk-taking crossing behavior” (F6). These
were: talking on phone while crossing (V61), looking at phone while crossing (V62), running
across the street to beat oncoming traffic (V63), ignoring traffic signals and assuming that drivers
will yield to pedestrians (V64), and crossing between parked vehicles (V65).
Table 2.5 shows the best fit measurement model obtained from CFA and includes loading factors
and t-statistics. All factor loadings were highly significant with 95% confidence. It should be noted
that at least three variables loaded on each latent factor (a SEM requirement) with high statistical
significance.
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Table 2.5. Parameter estimate for the measurement model with the best goodness of fit
Standardized Effects in Linear Equations
Variable
F1

F2

F3

F4

F5

F6

Predictor

Estimate

V11
V12
V13
V21
V22
V23
V24
V25
V26
V31
V32
V33
V34
V41
V42
V43
V44
V51
V52
V53
V54
V55
V61
V62
V63
V64
V65

0.52
0.36
0.28
0.66
0.65
0.13
0.59
0.40
0.32
0.57
0.36
0.69
0.69
0.57
0.56
0.47
0.50
0.63
0.59
0.57
0.58
0.37
0.81
0.89
0.15
0.16
0.26

Standard
Error
0.04
0.04
0.04
0.03
0.03
0.04
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03

t Value

Pr > |t|

11.86
9.04
6.78
26.28
25.65
3.53
21.77
12.76
9.55
20.06
10.99
26.98
26.97
19.72
19.08
14.94
16.30
24.76
22.19
20.96
21.81
11.46
24.67
25.73
4.44
4.82
7.95

<.0001
<.0001
<.0001
<.0001
<.0001
0.0004
<.0001
<.0001
<.0001
<.0001
<.0001
<.0001
<.0001
<.0001
<.0001
<.0001
<.0001
<.0001
<.0001
<.0001
<.0001
<.0001
<.0001
<.0001
<.0001
<.0001
<.0001

2.5.3. Structural Equation Modeling
The second step of the two-step approach was to develop the structural model, through the
modification of the measurement model and introducing the directional relationship between the
latent factors. Also, some observed demographic variables were included in the model. Figure 2.3
shows the parameter estimates of the final structural equation model along with the standard errors,
and corresponding t-values. The results revealed that older adults’ susceptibility to pedestrian
incidents (F1) were found to be function of “level of difficulty while walking” (F3), “fear of
falling” (F4), and “level of pedestrian confidence while walking” (F5) in addition to five observed
variables: gender, education level, employment status, age, and their pedestrian role in the mobility
system. However, “level of pedestrian confidence” (F2) as well as “level of risk-taking crossing
behavior” (F6) were found to be insignificant factors in the structural model.
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Figure 2.3. SEM model for determinants of incidents susceptibility of older pedestrians
As shown in Figure 2.3, the structural model suggests that latent factor “F3” or “level of difficulty
while walking” (e.g., having difficulty while walking or using mobility aid devices) is the most
significant factor in predicting older adults’ susceptibility in pedestrian incidents with a factor
loading of 0.39 and t-value of 5.22. “Fear of falling” (F4) was found to be the second most
significant predictor of older adults’ involvement in pedestrians’ incidents at 95% confidence level
with a factor loading of 0.28 and t-value of 2.26. The least significant latent factor was found to
be “crossing evaluation capability” (F5, which refers to older adults’ inability to comprehend and
judge traffic condition correctly) at 90% confidence level (factor loading = 0.18 and t-value =
1.85). The positive association of the three latent factors with the endogenous variable of interest
implies that older adults who have walking difficulty, FOF and crossing-evaluation difficulties
were more likely to be involved in pedestrian related incidents, respectively.
In addition, the results indicate that gender is positively associated with older adults’ susceptibility
to pedestrian incidents meaning that older males are more likely to be involved in pedestrian
incidents compared to older females. With a factor loading of 0.18, gender has the same share in
predicting the endogenous variable as “crossing evaluation capability” (F5) and is even more
statistically significant by having a larger t-value.
Furthermore, the findings suggest that education level (factor loading = 0.11 and t-value = 2.37),
employment status (factor loading = 0.10 and t-value = 1.98), and age (factor loading = -0.09 and
t-value = 1.94) are statistically significant in predicting older adults’ involvement in pedestrians’
incidents. The positive association of employment status and education level means that older
adults who are still working (not retired yet) and those with higher education level (above high
school diploma) are more prone to pedestrian incidents, if all other variables are hold constant.
Although this might be a surprising result at first, it can be explained through two other variables
in the model - age and participant role in the transportation system (mainly being a pedestrian).
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The variable age is negatively associated with the endogenous variable of interest meaning that
older adults below 75 years old have higher chance in pedestrian incidents’ involvement at 90%
confidence level.
It should be noticed that the age variable was collected as an ordinal parameter (with 1: 65-69, 2:
70-74, 3: 75-79, 4: 80-84, 5: 85-89, and 6: 90+ classes) in the survey form. In the analysis stage,
we tried different ways to input this variable (as well as others) in order to identify the best possible
way to allow the variable to be as discretionary as possible. Holding all the other variables constant,
multiple models were developed several times at each stage of the analysis using age 1) as a
categorical variable with 5-year intervals and 2) as a categorical variable with 10-year intervals.
By looking at the significance level beside other measures (such as overall fit of the model), we
concluded that the 10-year interval was appropriate by having small variation within the groups
and large variation in between. The results showed age group of 65-75 are highly susceptible to
pedestrian incidents compared to other older age groups. Therefore, age was considered as a binary
variable. Apart from the statistical point of view, the cut off value sounds logical, as older adults
below 75 years old have usually higher activity level compared to those above 75 years old.
Therefore, both statistical and logical justifications favored the binary variable of age with 65-75
and above 75 levels.
Also, older adults whose primarily role in the transportation system is pedestrian have higher
probability of being involved in a pedestrian incident. This can be explained due to the fact that
they are more exposed to pedestrian related crashes while walking on roads and crossing
intersections.
2.6. Discussion
As shown in Table 2.6, both measurement model using CFA and final structural model satisfied
almost all the Goodness of Fit criteria meaning that the developed SEM model achieved a very
good fit of the data.
Table 2.6. Fit statistics of the measurement and structural models
Fit Index
Cut-off Value
CFA Obtained Value
SEM obtained Value

GFI
>0.9
0.92
0.93

AGFI
>0.9
0.90
0.90

SRMR
<0.055
0.052
0.042

RMSEA
<0.08
0.054
0.045

BCFI
[0.9, 0.94]
0.83
0.84

By understanding the factors that contribute to the involvement of older adults in pedestrian
incidents, not only cross walks and sidewalks could be better planned and designed to
accommodate older adults’ critical needs and challenges, but also valuable insights regarding the
aspects that need to be considered can be obtained (e.g., older pedestrian safety campaigns and
developing new mobility aid devices for older adults).
“Level of difficulty while walking” (F3) was found to be the most significant contributing factor
in older adults’ involvement in pedestrian incidents. This implies that participants who declared to
have walking difficulties (23% of participants) and those who were using mobility aid devices on
daily basis (12% of participants) were the most vulnerable subgroup of older pedestrians who were
involved in either pedestrian-vehicle collisions or fall incidents while walking. This means that
measures to maintain or improve the walking capabilities of older adults could cause significant
improvement in pedestrian safety. Although the development of training/campaigns programs of
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older pedestrians can be considered as a long-term solution to reduce older adults’ walking
challenges, the short- and medium-term solutions might be improving the walking and crossing
ability of older adults through using more advanced mobility aid devices and through providing
safer sidewalks and pedestrian crossings.
The results showed that older pedestrians who were using conventional mobility aid devices daily
such as cane, walker, and wheelchair have high chance to be involved in pedestrian incidents.
Also, participants were surveyed on whether they use electric mobility aids such as scooter in their
daily lives. A very negligible portion of the participants (0.8%) reported that they use advanced
mobility aids (e.g., motorized cart or scooter). This group had high fall incidents in the last year,
but no pedestrian-vehicle collisions (struck or nearly struck by a vehicle) within the last five years.
The reason this variable was not included in the SEM model is because there is no information
about whether they were using the scooter at the time of the fall. This is a limitation of this study
that should be addressed in future research to conclude on a more accurate relationship between
the impacts of advanced mobility aid devices on older adults’ pedestrian safety. However, it is
suspected that these group of older adults adapted to electric mobility aids after experiencing
multiple fall incidents while walking, to protect themselves on sidewalks and crosswalks. Future
studies with much larger sample size of advanced mobility aid users are needed to address these
uncertainties related to advanced mobility aid devices versus conventional mobility aids, fall
incidents, and pedestrian-vehicle collisions. Because there are not sufficient research studies on
the risks these mobility aid devices would pose on other road users as well as older adults
themselves, it is suggested to further investigate the extent to which advanced mobility aid devices
would affect older adults’ as well as other road users’ safety in future studies.
“Fear of falling” (F4) was found to be the second significant contributing factor regarding older
adults’ involvement in pedestrians’ incidents. FOF reduces older adults walking speed, divert their
attention from the traffic to their steps, and lower their pedestrian performance and behavior at
crosswalks and sidewalks. FOF is an inevitable condition of older pedestrians and was found to be
exacerbated by increasing age, walking difficulties, hostile weather condition, and vision problems
(Avineri, Shinar et al. 2012).
“Crossing evaluation capability” (F5) was ranked the third significant contributing factor, which
means older adults who were unable to comprehend and judge the traffic were less prone to
pedestrian incidents than those with walking difficulties or those with FOF. Although most
participants had no difficulties in seeing and interpreting traffic signals (96%), a significant portion
of them had judgment difficulties to identify safe crossing conditions at unsignalized pedestrian
crossings (35%) and estimating vehicle speeds (15%). This suggests that unsignalized crossing
presents the main threat to older pedestrians. Therefore, special attention should be paid toward
pedestrians’ crossing designs and policies to accommodate older adults’ needs.
The results also suggest that “level of pedestrian confidence” (F2) and the “level of pedestrian
rule-breaking tendencies” (F6) in crossing are not good indicators of being susceptible to
pedestrian incidents. This implies that there was no significant association between their
confidences (which is built upon their perception of safety), their self-regulation (which is based
on their confidence), and consequently how they behave as a pedestrian with their reported
pedestrian incidents. In terms of older adults’ crossing behavior, it was found that most participants
avoided distraction while crossing a street. In addition, they did not show any risk-taking behavior
if the transportation network was designed for a safe crossing. This was inferred through asking
them about whether they ignore traffic signals and assume that drivers will yield to them. However,
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their risk-taking behaviors have changed possibly where the transportation network was not
designed according to pedestrians’ need, especially older pedestrians’ needs. One fifth of
respondents reported that they sometimes ran across the street to beat the oncoming traffic or to
cross between parked vehicles. Future research is recommended to investigate whether rulebreaking crossing behaviors among older adults are indeed a crossing habit of older pedestrians or
dictated by transportation network insufficiencies.
Our results are consistent with Suarez-Balcazar et al. (2020) who stated walking condition and
walking behavior of older adults are influenced by physical and emotional health condition, and
physical environment characteristics, respectively (Suarez-Balcazar, Early et al. 2020). Our
findings show that the health condition of older adults significantly affected their pedestrian safety.
Also, there was not a significant relation between older adults’ risk-taking behaviors and their
susceptibility to pedestrian incidents. Since this study is only focused on human factors and their
impact on older adults’ safety, further research could address the impact of the built environment
on older adults’ involvement in pedestrian incidents besides their health constraints.
Gender was another significant factor in older adults’ involvement in pedestrian incidents in that
older males were more likely to be involved in pedestrian incidents compared to older females.
One possible explanation for this finding is that females are usually more cautious compared to
males. This finding is consistent with Hong et al. (2015) who found that male Koreans were more
involved in pedestrian crashes than females (Hong et al., 2015).
One limitation of this study is that the data was collected only through an online survey. According
to the 2016 Canadian Census, the percentages of older adults who have access to the internet have
increased to 81%, 74%, 64%, and 49% of older Canadians aged 65-69, 70-74, 75-79, and 80 years
and above, respectively. However, future studies are recommended to collect the survey responses
through multiple methods in addition to the online survey such as telephone, focus groups, and
mail-in surveys to reach older adults with limited or no access to the internet.
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Chapter 3. Examining Safety Challenges of Senior Drivers
3.1. Introduction
The World Health Organization announced the COVID-19 pandemic on March,11 2020. The
emergence of the pandemic has been accompanied with fundamental changes in road users’
behaviors. Transportation has been one of the major areas affected by the pandemic and a body of
literature has been lately conducted to investigate associated changes in travel behavior, traffic
safety measures and operational performance. As a by-product of the stay-at-home orders across
the country and the glob, many researchers reported noticeable changes in traffic condition,
particularly reduction in travel demand, after the lockdown of COVID-19 pandemic (Du and
Rakha, 2020, Benita, 2021, Elshorbany et al. 2021, Liu and Stern. 2021, Du et al. 2021).
According to Institute of Transportation Engineers (ITE), stay-at-home orders due to COVID-19
pandemic were resulted in an immediate reduction of traffic volumes across the US and Canada.
Accordingly, Los Angeles County and San Francisco Bay Area freeways experienced
approximately 30% reduction in weekday vehicle miles travelled (VMT) during the first two
weeks after the issue of shelter in place orders. The reduction in VMT even was higher (i.e., 40%)
across urban freeways. By comparing total traffic volumes from February 25th to April 8th, 2020,
Lake County, Illinois observed nearly 37% to 48% reduction. Overland Park, Kansas experienced
50% to 60% reduction in local roadway volumes during March 25th to April 19th, 2020. Using
Feb 18 to March 5, 2020, traffic volume data at intersections, Salt Lake City, Utah, experienced
as high as 50% to 70% reduction in traffic volume. Iowa State also reported about 40% reduction
in total traffic volume across the state during mid-March to mid-April 2020. Florida experienced
about 30 to 50% reduction in state traffic volumes during March 10th to April 7th, 2020. Using
March to May 2020 data, Weekday segment volumes decreased by 54% in Calgary, Alberta,
Canada.
The early investigation of COVID-19’s impact on traffic safety showed a relative reduction in
traffic collisions and traffic-related injuries despite the increased vehicular speed (Saladié et al.
2020, Katrakazas et al. 2020, Sutherland et al. 2020). However, as the time passed on and more
traffic and collision data were available, several researchers found increased crash rates despite
reduced traffic volumes (Gao et al. 2020, Adanu et al. 2021). For instance, by analyzing motor
vehicle collision (MVC) and daily VMT in Connecticut from April 1st to April 30th, 2020, and
same period in 2019, Doucette et al. (2021) reported about 410% increase in the single vehicle
fatal crash rates despite reduced MVCs and VMT.
Although the literature shows the COVID-19 pandemic has been imposing new condition such as
reduced traffic volume and increased crash rate, there are limited studies investigating the impact
of COVID-19 pandemic on crash severity. Zuo et al. (2020) indicated that the impact of the
pandemic on crash severity is unclear in New York, despite the identified reduction in vehicular
traffic, transit ridership, and crash frequency. Dong et al. (2022) identified the changes in driving
behaviors across highway and non-highway roads in Virginia. The results revealed that the
COVID-19 pandemic was associated with higher level of aggressive and inattentive driving.
Available studies investigated the early impact of COVID-19 pandemic on crash frequency and
crash rate. Although there are few studies addressing the effect on the COVID-19 pandemic on
crash severity, they are conducted on a pooled category of all road users and no research is
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available, to our best knowledge, to address the issue among older drivers. Senior drivers are one
of the most vulnerable groups to traffic collision and coronavirus. Therefore, it is necessary to
identify the impact of COVID-19 pandemic on their road safety and understand contributing
factors affecting their crash severity before and during COVID 19 pandemic. Therefore, this study
contributes to the literature by identifying the impact of the COVID-19 pandemic on seniors’ crash
severity and risk factors before and during the pandemic. We also identified the changes in risk
factors to crash severity among senior drivers by comparing the findings of this study with another
previous crash severity model developed for older drivers using 2014 to 2018 crash data in
Louisiana. Moreover, this study explores the differences in risk factors among senior derivers and
general drivers’ population.
3.2. Background
According to NHTSA (2020), although COVID 19 pandemic caused Americans to drive less in
2020, the same year had the highest number of fatalities from traffic collisions since 2007. In fact,
there was a 7.2% increase in total number of fatalities compared to 36,096 traffic-collision fatalities
of 2019. There was also 13.2% decrease in VMT in 2020 compared to the previous year. Fatality
rates per 100 million VMT increased to 1.37 in 2020 from the 1.11 rate of 2019. The largest
increase in 2020 fatalities as compared to 2019 were related to urban interstates (15%), collector
roads (12% and 11% at urban and rural local roads, respectively), speeding-related collisions and
nighttime (11%), weekend, alcohol-related, rollover, and single-vehicle crashes (up to 9%). It was
also projected to have nearly 9% decline in seniors’ fatality in 2020 compared to 2019. According
to the NHTSA (2021), risky drivers’ behaviors including increased ejection rate of seatbelt use,
impaired driving, and speeding were the main contributing factors of the increased fatalities. The
ejection rate of seat belt use by week was increased after week 10th which was the announcement
of the COVID-19 pandemic. The highest ejection rate was observed among male drivers, with 1834 years old. Although there was an increase in ejection rate across urban and rural areas, larger
ejection was observed in rural areas and particularly in male drivers. The preliminary result of
changes in drug (with impairing properties) and alcohol use revealed that there was significantly
higher drug and alcohol consumption among drivers who were killed or seriously injured in traffic
collisions during the pandemic. Additionally, urban, and rural areas experienced higher driving
speed during the pandemic. For instance, the first percentile including slowest vehicles
experienced about 15% increase in velocity.
Brodeur et al. (2021) analyzed daily-level traffic collision data across US counties to investigate
the impact of the COVID-19 stay-at-home policies on air pollution and traffic collision. They
identified a 20% reduction in vehicular crashes after state order was issued. In addition, although
a significant and large reduction was observed in the most common types of crashes, an increase
in the minority of the most serious collisions were identified. To justify these changes, social
mobility data were used to provide evidence of shifted peak period partially resulted in the overall
reductions of vehicular collisions but increases in the severity. The authors also found out that a
larger reduction in collisions due to safer-at-home orders was observed across urban counties in
which a larger share of jobs could be done remotely.
Brodeur et al. (2020) studied the impact of COVID-19 pandemic on motorized collision
externalities across five states of Alabama, Connecticut, Kentucky, Missouri, and Vermont during
January 1st, 2020, to April 30th, 2020. The results show a 50% reduction in traffic collisions after
the issuing of the stay-at-home order. Analyzing crash severity data in Missouri, Kentucky, and
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Connecticut revealed that no reduction in fatal crashes. It is also estimated the reduced traffic
collisions resulted in $7-24 billion benefit.
Doucette et al. (2020) studied the impact of the COVID-19 pandemic on motor vehicle collisions
(MVCs) and daily VMT in Connecticut. A Poisson regression model was developed using January
to April 2017-2020 traffic data which were stratified by number of vehicles and crash severity and
was controlled for daily precipitation and temperature. The results showed that VMT decreased by
43% after the stay-at home order in 2020. Moreover, average number of daily collisions decreased.
However, by accounting for the VMT reductions, crash rates were found to be increased across
several collision types. Single vehicle crash rates and particularly those of fatality class had the
highest increase by 2.29 times and 4.10 times, respectively.
According to the North Carolina Department of Transportation report (2020), although the total
number of 2020 crashes by week were consistently lower than same statistics in 2019, higher
fatality was observed in most of the 2020 weeks compared to the previous year. There was a drastic
decline in the total number of crashes during the first three months after issuing the stay-at-home
order as well as December 2020. While rural areas had higher number of fatalities, urban areas
experienced larger reduction in total number of crashes.
By looking at the same-day traffic volumes of March 2019-2020, Parr et al. (2020) identified
47.5% reduction in the traffic volumes on Florida roadways. Although reductions in traffic
volumes were evident throughout the state, the timing and the extent of the reductions were
different across urban context (urban versus rural areas) and road classification (highways versus
arterials). It was also found out that South Florida experienced less reduction in traffic volume
compared to other areas regardless of the higher risk. The study however does not provide any
insight about the impact of these changes in traffic volume patterns on crash occurrences during
the early stages of the COVID-19 pandemic in Florida (Koloushani et al. 2021).
During the first three weeks after the issue of shelter-in-place order in California, not only did
highway traffic volume reduce by 55%, but also the total number of road collisions and associated
injuries and fatalities reduced by 50% percent, resulted in saving $40 million per day (Kerlin,
2020).
Koloushani et al. (2021) studied the impact of COVID-19 pandemic on mobility and traffic safety
of four Florida counties. Using a three-fold reach, spatiotemporal patterns of collision densities
were visualized across the study area using GIS. Kruskal–Wallis test was performed to identify
whether changes in collision densities are statistically significant. Finally, a negative binomial
regression model was developed to identify the main contributing factors (e.g., transportationrelated and socio-demographic factors) resulting in reduced collision counts due to the pandemic.
Census blocks of Hillsborough County which is mostly populated with older adults showed less
collision reduction compared to other counties after the pandemic. Hence, it was concluded that
seniors residing in the aforesaid area maintained their mobility patterns during the pandemic. In
addition, it was suggested that governments should provide seniors with training programs to use
new technologies to avoid unnecessary trips (such as online instead of in-person shopping). Future
studies are suggested including additional variables (such as vehicle type, road network
configuration, and VMT). Additionally, it is suggested to study the impact of reduced total number
of trips on the severity of crashes. The authors were suspicious of the findings being site-specific,
therefore, they suggested expanding the study area to better understand the impact of the pandemic
on seniors’ changes in traffic exposure and collisions.
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According to Barnes et al. (2021), COVID‐19 lockdown resulted in a 47% reduction in traffic
collisions in Louisiana. By comparing road collisions from January 15 to March 15 in 2019 and
2020, a significant and large reduction in traffic collisions was observed across all groups of drivers
(including gender and age groups). Although it was found that alcohol and driver distractionrelated collisions declined significantly in 2020, there was no significant differences in total
number of crashes involving drug use. There was about 56% and 47% reduction in female and
male drivers involved in vehicular crashes, respectively. Senior drivers with 65 years and over had
the highest reduction of 62% in total number of traffic collisions followed by 53% reduction among
15-24 years old drivers. Drivers with 25-64 had the smallest reduction rate of 49% compared to
other age groups.
To identify the impact of COVID-19 pandemic on traffic collisions in Ohio’s Franklin County,
Stiles et al. (2021) analyzed February to May 2020 crash data and identified a noticeable rise in
the proportion of crashes due to intoxication and speeding. Moreover, more severe crashes were
associated with higher driving speed.
Kaufman et al. (2021) indicated that Pennsylvania experienced a significant change in crash rate
and severity after the COVID-19 pandemic using a sample of 15,550 trauma patients. Although
there was a 10% reduction in vehicular collisions after the stay-at-home order among the sample
compared to previous years, there was nearly16% increase in the crash severity. The authors
suspected lower traffic density, higher driving speed, increased anxiety, and increase in drug and
alcohol use may contributed to the increased severity despite lower crash rate, however, they
suggest further investigation is required to fully understand the issue.
Using mid-January to early May 2020 crash data, Barnes et al. (2021) investigated the impact of
the COVID-19 lockdown on traffic collisions in Louisiana. A significant decrease of 47% in traffic
collisions was observed with a 46% reduction in injury-related collisions. Considering the sociodemographic characteristics of drivers, male individuals aged 25 to 64 experienced the smallest
decline in vehicular crash involvement. Additionally, peak hours and daytime had the highest
reduction in terms of crash rate.
Dong et al. (2022) identified the changes in crash severity and driving behaviors across highway
and non-highway roads in Virginia. The results revealed that the COVID-19 pandemic was
associated with higher level of aggressive and inattentive driving. In fact, higher speed, unbelted
driving, and driving under the influence of alcohol were more frequently observed after the
COVID-19 pandemic resulted in higher likelihood of severe collisions. Additionally, it was found
that the chance of severe injuries was higher in highway compared to non-highway crashes.
Considering the state-of-the-art literature, most of the available studies explored the early impact
of the COVID-19 pandemic on traffic operation and safety. There is a consensus among all studies
that COVID-19 pandemic had noticeable impact on traffic volume and vehicular collision patterns.
However, more effort is needed to identify the near-term and long-term impact of COVID-19
pandemic on crash severity across different socio-demographic groups. While there are limited
number of publications explored risk factors to crash severity, no comprehensive study has been
done to identify COVID-related risk factors to crash severity among older drivers over an extended
period during the COVID-19 pandemic. Therefore, this study contributes to the literature by
addressing the aforesaid gaps using 9 months of traffic collision data before and during the
COVID-19 pandemic (i.e., March 22nd onward during 2019 and 2020).
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3.3. Data
The COVID-19 pandemic stay-at-home order was issued on March 22nd, 2020. This study
included senior drivers’ collisions from March 22nd till the end of the year of 2020 as well as the
collision data for the same target group and period over the previous year 2019. Data were obtained
from Louisiana department of Transportation and Development (LA DOTD). After data
preparation, 16,626 observations were analyzed. This high-dimensional dataset consisted of 105
variables including crash characteristics (e.g., severity), roadway characteristics (e.g., alignment,
functional class, access control, speed limit), environmental characteristics (e.g., weather, lighting,
and area types), vehicle characteristics (e.g., vehicle type and condition), maneuver characteristics
(e.g., lane departure, road departure, and movement reason), driver characteristics (e.g., age,
gender, blood alcohol content, and violation), and traffic control system characteristics (e.g.,
protected left turn, permitted left turn, stop sign, and yield sign). All the independent variables
were coded as binary variables with a value of 1 if the answer was yes to the variable description
and 0 if otherwise. Dependent variables of “Total number of injuries” and “Crash Severity” were
continuous and ordinal, respectively. Crash severity included five levels of 1 to 5, corresponding
to no injury, possible injury or complaint, non-incapacitating, or moderate injury, incapacitating
or severe injury, and fatality, respectively. Table 3.1 summarizes the list of variables found to be
significant in predicting the response variable in the analysis and were used to develop the crash
severity prediction model along with their description and coding.
Table 3.1. Variables description and type
Variable
V11
V12
V21
V22
V23
V24
V31
V32
V33
V34
V41
V42
V51
V52
V53
V54
V61
V62
V63
V71
V72

Description
Total number of injuries
Crash Severity
Stop or Yield Sign
Road Marking (Yellow no passing line, white dashed line,
yellow dashed line)
Related to intersection (signal, roundabout, stop, etc.)
Not related to any road features (such as median crossover, on
& off-ramp, driveway, non-road path, merging area, and so on)
Crash on the road
Crash on right shoulder
Road departure
Lane departure
Inattentive or distracted driver
Violation (opposed to normal movement)
Two-way road with no physical separation
Two-way road with a physical separation
2 lanes
4 lanes
10am-4pm
7pm-12am
Dark-Continuous Street lighting
Road class: U.S. Hwy
Road class: State Hwy
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Type
Continuous
Ordinal
Binary
Binary
Binary
Binary
Binary
Binary
Binary
Binary
Binary
Binary
Binary
Binary
Binary
Binary
Binary
Binary
Binary
Binary
Binary

3.4. Method
The analytical methodology used to analyze the crash data is shown in Figure 3.1. In the first step,
rigorous data cleaning was performed to exclude irrelevant variables and observations with a high
percentage of missing values. Then, data processing was done to create suitable coding of the
variables. In the second step, descriptive statistics was performed to better understand the trends
and patterns of the data. The insight gained from this step did help in the selection of candidate
variables for the Factor Analysis (FA). The FA was then performed in two stages, Exploratory
Factor Analysis (EFA) and Confirmatory Factor Analysis (CFA). The EFA suggested optimum
number of latent factors as well as the best set of loaded variables under each factor from the
statistical point of view capturing the highest amount of variation within the data.

Figure 3.1. Analytical approach used in examining safety challenges of senior drivers
To perform CFA, the output from EFA was revised considering the analyst’s knowledge and
judgement resulted in the in the formulation of the measurement model. The measurement model
obtained from CFA does not only specify no directional relationships among latent factors, but
also allow them to covary (Asparouhov and Muthén, 2009). The measurement model was then
modified through a trial-and-error process to satisfy the goodness of fit measures.
Structural Equation Modeling (SEM) was then developed on top of the measurement model to
identify and quantify the relationships between latent variables. While a wide range of statistical
(logistic regression and generalized additive models) and machine learning algorithms (such as
random forest and neural network) were used to analyze the data in early stages of the analysis,
SEM was found to be the most appropriate approach to model the data. One main advantage of
SEM is that it is capable to group observed variables under distinct latent factors that are
responsible for variation within the data and identify the relationships among them.
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In addition to the latent factors identified in CFA, SEM included additional observed variables that
were not suitable to be loaded on latent factors. These variables included demographics
characteristics of senior drivers as well as the binary variable of “Pandemic: to represent whether
the crash occurred during pandemic time or not”. SEM model was then revised through multiple
trial and error effort to obtain the highest goodness of fit measures. Two goodness of fit measures
of Standardized Root Mean Square Residual (SRMR) and Goodness of Fit Index (GFI) were used
to evaluate the performance of the model in this paper. A GFI value of 0.9 and above GFI as well
as a 0.05 SRMR and lower represent a good fit model (Doulabi et al. 2021, Asparouhov and
Muthén, 2009).
3.5. Analysis
3.5.1. Descriptive Statistics
Table 3.2 compares the frequencies of traffic crashes according to three crash severity classes:
fatality, injury, and PDO during 2017 to 2020. Although fatal crashes increased noticeable by 8.7%
in 2018 compared to 2017, there was no major changes in injury and PDO collisions (with 0.75%
and 1.53% increase, respectively). In 2019, however, there was about 85% increase in the total
number of crashes. The percentage increase of fatal crashes was nearly 57%, while injury and PDO
crashes increased by approximately 87% and 84%. In 2020 (during the COVID 19 pandemic) and
despite the reduction in traffic volumes that were observed on roadways due to stay-at-home order,
about 20% increase in the number of fatal crashes was observed compared to 2019 (before the
pandemic). On the other hand, total number of collisions, as well as injury and PDO crashes were
reduced by approximately 16%, 14%, and 17%, respectively.
Table 3.2. 2017 to 2020 crash frequencies and percentage changes

Fatal crash
Injury crash
PDO
Total

2017

2018

2019

2020

115
8096
17330
25541

125
8157
17595
25877

196
15250
32308
47754

236
13116
26703
40055

2017-2018
Percentage
Change
8.70
0.75
1.53
1.32

2018-2019
Percentage
Change
56.80
86.96
83.62
84.54

2019-2020
Percentage
Change
20.41
-13.99
-17.35
-16.12

Figure 3.2 shows the crash distribution per hour and day from 2017 to 2020. It was found that 2017
and 2018 had a similar trend of monthly distribution of motorized collisions. However, there has
been a noticeable increase in the number of crashes in 2019 especially after March. The first two
months of 2020 had noticeably high number of collisions, following the increasing trend of 2019
crashes. However, 2020 had consistently lower monthly collisions after the issue of stay-at-home
order on March 22nd. The monthly number of 2020 collisions were increasing and were
approaching 2019 during June and July. However, it experienced a downward trend during the
Fall and again approached 2019 records by the end of the year. However, 2020 still had noticeable
higher number of collisions compared to 2017 and 2018 except during the first month after the
issue of stay-at-home order.
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Figure 3.2. Hourly (top graph) and monthly (bottom graph) crash distributions
As is shown on the top graph in Figure 3.2, the hourly crash distribution pattern was similar during
2017 and 2018. Although the number of collisions increased in 2019 (before the COVID
pandemic), the overall trends were like the previous years. However, sharper peaks can be
observed in 2019 with less variation between the peaks. The hourly crash distribution of 2020
shows a similar pattern to previous years with less sharpness in the morning period (like 2017 and
2018) and noticeably higher share of collisions during afternoon peak period till midnight.
Table 3.3 shows the crash distribution in 2019 and 2020 according to at-fault drivers characteristics
(age and gender) and number of vehicles involved in the crash. According to Table 3.3, there was
about 9% and 10% missing data on at-fault driver’s gender in 2019 and 2020, respectively. Apart
from that, the share of male drivers who were at fault increased by 2% in 2020 compared to 2019,
compared to 3% reduction of female drivers. Table 3.3 shows the share of different age groups
from the total crashes during 2019 and 2020. As can be seen from the table, the share of different
age groups remained almost constant before and during the COVID-19 pandemic. About 10 and
11% missing value was also observed in 2019 and 2020 data, respectively. Additionally, there was
a slight increase of 1.3% in one-vehicle collisions in 2020 compared to 2019.

28

Table 3.3. 2019 and 2020 crashes by gender and age group
Male
Female
Missing
Total

2019
Frequency
Share
22962
48
20335
43
4457
9
47754
100

2020
Frequency
Share
20060
50
15897
40
4098
10
40055
100

Below 15
16 to 24
25 to 34
35 to 44
45 to 54
55 to 64
65 to 74
75 to 84
85+
Missing
Sum

67
9465
9807
7737
5821
5374
3127
1328
271
4757
47754

0.14
19.82
20.54
16.20
12.19
11.25
6.55
2.78
0.57
9.96
100

74
8144
8024
6370
4827
4483
2491
1086
207
4349
40055

0.18
20.33
20.03
15.90
12.05
11.19
6.22
2.71
0.52
10.86
100

1
2
3
4
5+
Sum

3262
39787
3975
584
146
47754

6.83
83.32
8.32
1.22
0.31
100

3271
33135
3092
447
110
40055

8.17
82.72
7.72
1.12
0.27
100

Number of
vehicles
involved

Age Group

Gender

Variables

3.5.2. Factor Analysis
Exploratory Factor Analysis (EFA) was conducted to explore the underlying factor structures of
the observed variables. It was found that the first seven factors capture about 89% of the variation
within the data, respectively. Therefore, they were selected to be used in the next step of the
analysis. To develop an acceptable measurement model for the Structural Equation Modeling
(SEM), CFA was conducted on the identified data structures with seven factors using EFA. It was
found that the measurement model with seven latent factors resulted in an acceptable goodness of
fit measures (i.e., Standardized RMR of 0.05 and Goodness of Fit Index of 0.9). Table 3.4
summarizes the results of CFA considering seven latent factors and a threshold of 0.40 for factor
loadings.
It was found that two variables of total number of injuries (V11), and crash severity (V12) were
significantly loaded on the first latent factor. The first latent factor which contains response
variables (or endogenous variable) was therefore labeled as “Crash size & severity (F1)”.
The second latent factors included four variables V21 (Stop or Yield Sign), V22 (Road Marking),
V23 (Related to intersection), and V24 (Not related to any road features). Therefore, it was called
“Road features & traffic control devices (F2)”.
Four observed variables namely V31 (Crash on the road), V32 (Crash on right shoulder), V33
(Road departure), and V34 (Lane departure) were significantly loaded on the third latent factor.
Hence, the third latent factor was named as “Driving maneuver & crash location (F3)”.
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Table 3.4. Measurement model using EFA output with the best goodness of fit
Variable
V11
V12
V21
V22
V23
V24
V31
V32
V33
V34
V41
V42
V51
V52
V53
V54
V61
V62
V63
V71
V72

Variable Description

Latent Factor

Predictor

Total number of injuries
Crash Severity
Stop or Yield Sign
Road Marking
Related to intersection
Not related to any road
features
Crash on the road
Crash on right shoulder
Road departure
Lane departure
Inattentive or distracted
driver
Violation
Two-way road with no
physical separation
Two-way road with a
physical separation
2 lanes
4 lanes
10am-4pm
7pm-12am
Dark-Continuous Street
lighting
Road class: U.S. Hwy
Road class: State Hwy

Crash size &
severity

F1

Road features
& traffic
control
devices

F2

Crash
location &
driving
maneuver
Driver
condition &
behavior

F3

F4

Road
geometric
characteristics

F5

Crash time &
lighting

F6

Road class

F7

0.54
1.28
0.78
-0.69
0.93

Standard
Error
0.009
0.02
0.003
0.004
0.002

-0.89

0.002

-400.7

-0.55
0.47
0.94
0.82

0.006
0.006
0.002
0.003

-95.54
73.76
366.3
247.1

0.90

0.003

254.6

0.46

0.006

70.31

0.95

0.005

185

-0.80

0.005

-155.6

0.39
-0.24
-0.39
0.55

0.007
0.007
0.007
0.006

54.78
-30.82
-56.79
92.81

0.82

0.004

207.4

0.99
-0.75

0.011
0.009

88.56
-82.23

Estimate

t-Value
54.11
63.15
227.9
-157.5
494.6

It was found that two observed variables loaded significantly on the fourth latent factor (F4). They
were: V41 (Inattentive or distracted driver), and V42 (Violation). So, the fourth latent factor was
named “Driver condition & behavior (F4)”.
The fifth latent factor included four variables namely V51 (two-way road with no physical
separation), V52 (two-way road with a physical separation), V53 (2 lanes), and V54 (4 lanes). This
latent factor was then labeled as “Road geometric characteristics (F5)”.
The sixth latent factor was consisted of variables V61 (10am-4pm), V62 (7pm-12am), and V63
(Dark-Continuous Street lighting). Therefore, it was labeled as “Crash time & lighting condition
(F6)”. Finally, two observed variables of US highway (V71), and State highway (V72) loaded on
the seventh latent factor. Therefore, it was named as “Road class (F7)”.
3.5.3. Structural Equation Modeling
By applying the directional relationship among the latent factors of the measurement model, the
structural model was developed in the third step of the analytical procedure. The structural model
allowed to test for the significance of other variables such as age, gender, alcohol consumption,
and pandemic which were not previously loaded on any latent factors in the measurement model.
The final structural model with the best and satisfactory goodness of fit (i.e., Standardized RMR
(SRMR) of 0.05 and Goodness of Fit Index (GFI) of 0.9) is shown in Figure 3.3.
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As indicated earlier, “Crash size & severity (F1)” was the response variable consisting of two
observed variables of V11 (Total number of injuries) and V12 (Crash severity). Both variables
were found to be significantly loaded on F1 with t-values of 54.1 and 63.1 and loading values of
0.54 and 1.28, respectively.
The results revealed that several latent factors have significant associations with the dependent
latent factor “Crash size & severity (F1)” including “Road features & traffic control devices (F2)”,
“Driving maneuver & crash location (F3)”, “Driver condition & behavior (F4)”, “Road geometric
characteristics (F5)”, “Crash time & lighting (F6)”, and “Road class (F7)” in addition to
“Pandemic” variable.
As shown in Figure 3.3, “Road features & traffic control devices (F2)” was found to be a
significant predictor of seniors’ crash size at 95% confidence level with a factor loading and tvalue of 0.02 and 2.26, respectively. It should be noted that all the observed variables loaded on
F2 were highly significant at 95% confidence level. Variable V23 (Related to intersection) was
found to be the most significant predictor of F2 with a factor loading of 0.93 and t-value of 494,
followed by Variable V24 (Not related to any road features) with a factor loading of -0.89 and tvalue of -400.7. This means that crashes occurred at intersections were highly prone to larger crash
sizes and higher severity compared to other locations categorized as road features in Louisiana
crash report. This means that if the collision were not related to any road features, the chance of
smaller crash size and less severity increases. Afterwards, variable V21 (Stop or Yield Sign) was
the most significant variable with a factor loading of 0.78 and t-value of 228, meaning if the
collision occurred at an intersection ruled with stop or yield sign, it is more likely to have larger
crash size compared to other types of traffic control devices located at intersections. The next
significantly loaded variable on F2 was V22 (road marking) with a factor loading of -0.69 and tvalue of -157.5. The negative sign of the estimated parameter revealed that seniors were more
likely to have lower crash size if the collision occurred on a road marking (i.e., yellow no passing
line, white dashed line, or yellow dashed line) compared to other locations.
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Figure 3.3. Structural Eqution Model:contributing factor in seniors’ crash size and severity
“Driving maneuver & crash location (F3)” latent factor was statistically significant predictor of
seniors’ crash size and severity with a factor loading of 0.04 and t-value of 3.7. All the observed
variables loaded on F3 were found to be highly significant at 95% confidence interval. Road
departure (V33) and lane departure (V34) variables had the highest loading factors of 0.94 and
0.82, respectively. The positive sign of V33 and V34 variables means that the probability of severe
crashes increases when senior drivers were performing either a road or a lane departure at the time
of collision. Crash on the road (V31) and on the right shoulder (V32) variables showed -0.55 and
0.47 loading factors, respectively. The signs of crash locations variables revealed that the chance
of larger crash size and higher severity decreases if the collision occurred on the road compared to
off-road crashes.
The most significant loaded observed variable on “Driver condition & behavior (F4)” was V41
(Inattentive or distracted driver condition) with loading value of 0.9 and t-value of 254.6. This
means that inattentive or distracted drivers were prone to larger crash size and severity compared
to normal drivers. Moreover, V42 (Violation) was associated with a loading value of 0.46 and tvalue of 70.3 meaning that the probability of having a larger crash with higher severity increased
when senior drivers violated traffic rules compared to performing a normal driving maneuver.
Two-way roads were the most significant predictors of latent factor “Road geometric
characteristics (F5)”. In fact, variable V51 (two-way road without a physical separation) were
found to be the most significant risk factor by a loading value of 0.95 and t-value of 85. After that,
V52 (two-way road with a physical separation) was the second significant predictor of F5 with a
loading value of -0.8 and t-value of -155.6. This means that the presence of physical separation
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considerably reduces the chance of older drivers for being involved in larger crash size and higher
severity. The other two observed variables loaded on F5 refer to the number of lanes. The results
show that the probability of senior drivers to be involved in larger crash size and higher severity
increases on two-lane roads (V53, with a loading value of 0.39 and t-value of 54.78), while they
are prone to smaller crash size and severity on roads with four lanes (V54, with a loading value of
-0.24 and t-value of -30.82).
“Crash time & lighting (F6)” includes three observed variables, two refer to the time of collision
and the last one refers to the lighting condition for collisions at nighttime. Accordingly, morning
peak hour (7 to 10 am) and afternoon peak period (4 to 7 pm) were not found to be a risk factor
for senior drivers. Variable V61 (10am-4pm) with a loading value of -0.39 and t-value of -56.79
revealed that the probability of seniors to be involved in larger crash size and higher severity
decreases during the midday period (10am to 4pm). However, Variable V62 (7 pm to 12 am) with
a loading value of 0.55 and t-value of 92.81 showed that they are prone to larger crash size with
higher severity during the nighttime period.
Latent factor “Road class (F7)” consists of two observed variables of V1 (US highway) and V2
(State highway) with loading values of 0.99 and -0.75 and t-values of 88.56 and -82.23,
respectively. This means the probability of seniors’ involvement in larger crash size with higher
severity increases if the collision occurs on US highways, while state highways are subjected to
smaller crash size and severity.
Finally, pandemic variable was found as a significant contributing factor to predict seniors’ crash
size and severity by having a loading value of 0.01 at 95% confidence level (t-value of 2.56). This
result indicates that the probability of senior drivers being involved in larger crash size and severity
increased after the stay-at-home order due to the COVID-19 pandemic. In addition, the results
indicate that age, gender, speed, seatbelt, and alcohol consumption were not significant risk factors
in seniors’ crash size and severity within the dataset.
3.6. Discussion
“Driving maneuver & crash location (F3)” was found to be the most significant risk factor in
seniors’ crash size and severity, followed by “Road features & traffic control devices (F2)”. Then,
four latent factors of “Driver condition & behavior (F4)”, “Road geometric characteristics (F5)”,
“Crash time & lighting (F6)”, and “Road class (F7)” found to be equally contributing to predict
seniors’ crash size and severity with all having a loading factor of 0.01. However, their significance
level was different. “Driver condition & behavior (F4)” and “Road class (F7)” were highly
significant at 95% confidence level with t-values of 2.19 and 2.16, respectively. While “Road
geometric characteristics (F5)”, “Crash time & lighting (F6)” were significant at 90% confidence
level with t-values of 1.71 and 1.79, respectively. Variable V8 corresponding to pandemic
contributed to predict crash size and severity as much as latent factors F4 toF7 did.
Under “Driving maneuver & crash location (F3)” latent factor, it was found that performing either
a road or a lane departure is the most significant risk factors in seniors’ crash size and severity.
According to the data, about 7.48% of collisions were a road departure collision. About 87% of
road departure collisions resulted in fatality (59.2%) and incapacitation (27.2%) of senior drivers.
Lane departure collisions comprises 11.54% of total crashes. About 88.4% of road departure
collisions resulted in fatality (61.13%) and incapacitation (27.36%) of senior drivers. This is
consistent with Hosseinpour and Haleem (2021) who also found that older drivers were more prone
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to higher severity level in single-vehicle road departure crashes compared to other age groups.
However, cautious should be taken before generalizing this finding to other places with different
transportation network characteristics. It should be noticed that ditches are common along the
highways in Louisiana which increase the collision severity of run-of-road crashes which might
not be the case in other places.
Roadway departure or run-off-road collisions contribute to a large portion of serious injuries and
fatalities. According to FHWA (2017), there has been a steady increase in the proportion of fatal
run-off-road crashes in the US. It is estimated that single-vehicle run-off-road crashes consists of
nearly 40% of national roadway fatalities (Alshatti, 2018). Additionally, more than half (53%) of
the US traffic fatalities during 2014-17 involved lane departure crashes, resulting in an average of
more than 18 thousand annual fatalities. To address the issue, several advanced vehicle
technologies (AVTs) has been developed and manufactured to improve drivers’ safety in general,
and senior motorists’ safety, in particular. These AVTs assist drivers to avoid road or lane
departure, such as traction control, lane change and lane-departure warning, forward collision
warning, night vision enhancement, adaptive cruise control, etc.
There have been several studies revealing the positive impact of such AVTs to improve drivers’
lane keeping behavior by reducing the number of excursions beyond or near lane edges and
remaining closer to the lane center (Nasr et al. 2021, Chen et al. 2020, Furlan et al. 2018, Le Blanc.
2006). In addition, there are multiple studies reporting the positive impact of such AVTs on senior
drivers’ performance and behavior using driving simulator studies (Classen et.al, 2019, Aksan et
al. 2017, LeBlanc, 2006). The literature also includes some evidence of the positive perception
and tendency to use such AVTs among senior drivers (Deffler et al. 2022, Eby et al. 2016, Son et
al. 2015).
Despite all the evidence that AVTs are effective to improve seniors’ lane keeping behavior and
safety, road and lane departure are the primary contributing factors in seniors’ crash size and
severity. Therefore, future studies are recommended to examine the following research questions:
Do senior drivers have access to AVTs to assist their lane keeping behavior? If so, what is the
usage rate of such AVTs? If not, what are the main reasons for not having access to such AVTs?
What is their perception, attitude, willingness to use such AVTs? How does the price of AVTs
affect their willingness to purchase vehicles equipped with AVTs to improve their safety? What
are the main contributing factors to improve the usage of such AVTs among seniors? Do training
programs improve their willingness to use such AVTs? The answers to these questions will shed
light on the necessary actions, strategies, and policies needed to promote the usage of AVTs among
seniors.
Latent factor F3 also revealed that crashes occurred beyond the right shoulder were more prone to
higher size and severity. These collisions are most probably angle-collisions which usually happen
when a driver runs a red light or disregards stop or yield sign at an intersection. In this case, it is
most likely that collisions occurred at the intersections specially those governed by stop or yield
sign, as can be seen from positively loaded observed variables V21 (stop or yield sign) and V23
(intersection) on latent factor F2- the second most significant latent predictor of crash size and
severity. This is consistent with the literature as many studies indicated that older drivers
significantly more likely to be involved in intersection collisions, especially those with stop sign
control (Garber and Srinivasan,1991). Also, they were prone to higher severity and fatality (Sifrit
et al. 2010).
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The second significant risk factor to seniors’ crash size and severity is latent factor F2 including
four observed variables all addressing the road feature and traffic control devices at crash locations.
The observed variables based on their significance level are V23 (intersection), V24 (other road
features), V21 (stop or yield sign), and V22 (road marking). Although the first three variables
mentioned above are positively associated with crash size and severity, V22 has a negative
association with the response variable meaning that if a collision occurs on yellow or white lines
on roadways, it is more likely to have a smaller crash seize with less severity compared to other
locations on the road. In fact, these collisions are most likely to be side-swipe collisions and are
expected to occur while senior drivers were changing lanes.
“Driver condition & behavior (F4)” is the next significant predictor of seniors’ crash size and
severity. According to the positive sign of V41, inattentive or distracted drivers were more
probable to be involved in larger crash size and higher severity. Additionally, the data shows
seniors who were violating traffic rules were more prone to larger crash size and higher severity
compared to performing a normal driving movement. The most frequent violation among seniors
were found to be failure to yield and following too closely, by 26% and 13.6% share of collisions’
primary reason, respectively.
“Road class (F7)” revealed that senior drivers were more likely to be involved in larger crash size
with higher severity on US highways, while their chance of involvement in such collisions
decreases on the state roads. This is consistent with Stutts et al. (2009) who found older driver (70
years and over) involved in two-vehicle collisions were less probable to be involved in fatal crashes
on interstates, while they were more prone to fatalities on US highways. The main difference
between the two road classes is the access type. State highways usually have limited or controlled
access, while US highways have controlled or restricted access through an on or off ramp.
Therefore, access control might be one of the possible reasons affecting seniors’ crash size and
severity across these two road classes. The data shows that more than 17% of US highways had
partial (limited access to roadway) or full (only ramp entrance & exit) control, while the percentage
drops to 7% for state highways. The other reason for of higher crash size and severity on US
highways is the separation between the two directions. In fact, the data shows that about 80% of
the US highways have no separation, while this number is about 52% across State highways. This
is consistent with V51 and V52 under the latent factor F5 showing that the lack of physical
separation on two-way roads resulted in higher chance of higher crash size and severity. The results
did not reveal any evidence regarding the impact of posted speed limits on seniors’ crash size and
severity.
“Road geometric characteristics (F5) includes two additional observed variables, V53 and V54
referring to the number of lanes. Although the data shows higher share of collisions at 4-lane
compared to 2-lane roads, by 48% and 32% respectively, senior drivers were more likely to be
involved in larger crash size and higher severity level on 2-lane roads.
“Crash time & lighting (F6)” demonstrated that seniors are less likely to be involved in larger crash
size and higher severity during the midday period between the morning and afternoon peak period.
However, the chance of being involved in larger crash size and higher severity collisions increases
from evening till midnight (i.e., 7 pm to 12 am). It should be noted that observed variable V63
(dark-continuous street lighting) has even a larger coefficient compared to V62 (7pm-12am). This
means collisions occurring at nighttime in the presence of continuous street lighting are more
probable to higher level of crash size and severity compared to collisions occurring at nighttime
without the street lighting. One possible justification might be older drivers assume the presence
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of street lighting resolves safety threats and become less cautious compared to locations without
street lighting. Future studies are recommended to conduct self-reported surveys as well as driving
simulator experiments to investigate changes in senior drivers’ behavior at nighttime with and
without the presence of street lighting. It should be noted that peak-hours were not found to be a
risk factor to crash size and severity of senior drivers which is consistent with Stiles et al. (2021)
who also observed a lower proportion of collisions during morning peak period after the COVID19 pandemic and a reduction in types of collisions that occur in congestion.
Variable “Pandemic (V8)” with a positive sign and highly significance level contributes to the
higher crash size and severity, meaning that the likelihood of senior drivers being involved in a
larger crash size and severity increases during the COVID-19 pandemic.
It is worth mentioning that the findings of another previous crash severity model using Louisiana
2014 to 2018 collision data revealed that road characteristics (crash location, road alignment, road
type, and highway type), driving maneuvers (lane departure and prior movement), and drivers’
characteristics (gender and driver condition) were the main contributors to seniors’ crash severity
(Doulabi and Hassan, 2021). By comparing the results of this model with the findings of this
present paper, it was found that these variables continued to be risk factors after the COVID-19
pandemic including intersections, highways, two-way roads, 2-lane roads, road/lane departures,
and inattentiveness. However, gender was not found to be a significant risk factor in this study.
Moreover, additional variables such as violation, crash time, and traffic control devices (i.e., stop
or yield sign) were found to affect senior drivers’ crash size and severity during 2019 and 2020
which were not risk factors during 2014 to 2018.
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Chapter 4. Investigating Senior Road Users’ Perceptions and Attitudes to AVs
4.1. Introduction
The noticeable increase in seniors’ share of the population, along with their vulnerability to
collisions, is expected to pose novel challenges to transportation authorities. A wide body of
literature has been investigating the contributing factors to seniors’ crash involvement as drivers
(e.g., Doulabi and Hassan. 2021; Kim et al. 2021; Cox and Cicchino. 2021; Hassan and Doulabi.
2021) and pedestrians (e.g., Doulabi et al. 2021 and Monsere et al. 2020). Consequently,
autonomous vehicles (AVs) and active travel (AT) have been proposed by many researchers
(Dicianno et al, 2021; Zandieh and Acheampong. 2021; Nguyen and Mertens, 2021) as potential
effective countermeasures that can address seniors’ health, medical, and functional conditions,
accessibility, and mobility issues. This is in addition to many other advantages they can offer such
as reducing traffic congestion, vehicular collision, fuel consumption and air pollution.
According to Rosenbloom (2005), about 79% of senior Americans have been living in cardependent rural and suburban communities in 2003. Consequently, many researchers
recommended Semi-Automated Vehicles (SAVs) and Fully Automated Vehicles (FAVs) as
potential solutions to address the driving and mobility issues of seniors (Hassan et al. 2021; Gish
et al., 2017). It is expected that further utilization of Advanced Vehicle Technologies (AVTs) will
result in a safer and more reliable transportation system, which is expected to revolutionize
personal transportation once it becomes prevalent in the near future (Hassan et al. 2019), especially
for those with disabilities or those retired from driving (U.S. Department of Transportation, 2017).
Despite the potential advantages of AVs, there is uncertainty regarding the transitional period from
traditional human driven vehicles to a mixed roadway environment and, eventually, a fully
autonomous transportation system. According to Raj et al. (2020), the psychological barrier of
public perception affects the extent of the transitional period. Generally, seniors are more reluctant
to adopt new technologies. Several researchers confirmed that seniors were less enthusiastic about
AVs (Haboucha et al., 2017; Shin et al., 2019) compared to other age groups. To pave the
transitional path of human driven vehicles toward FAVs among older users, it is necessary to
understand their perceptions and attitudes toward AVs which affects their acceptance, purchase,
and usage of SAVs, FAVs, and shared AVs.
To promote mobility and decrease mobility-related issues (such as depression), older adults were
also suggested to maintain active travel, particularly walking (Moniruzzaman et al. 2014), at least
for pleasure or recreational purposes. One important factor that is expected to affect seniors’ active
travel in future is the acceptance of AVs as pedestrians. Although numerous advances have been
achieved toward pedestrian detection by AVs (Combs et al. 2019; Zamanipour et al. 2018; Rezaei
et al. 2019), previous studies showed an overall negative attitude and low trust among senior
pedestrians toward AVs. This lack of AV trust and acceptance may negatively affect their mobility
and pedestrian behavior. It is also suspected that the negativity toward AVs among pedestrians
have been increased after a fatal incident in March 2018, when a pedestrian was killed after getting
hit by an AV (Das, 2021). Therefore, it is necessary to further investigate senior pedestrians’
perceptions and attitudes to cross a roadway in the presence of AVs.
Although there is much research available to address perceptions and attitudes toward SAVs and
FAVs, a small portion of them were focused on seniors. Even senior-focused studies were mostly
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concentrated on seniors’ perception and attitude toward AVs from the perspective of users, while
less attention has been paid to pedestrians. Therefore, aimed to investigate older Americans’
perception and attitude to AVs from the perspective of pedestrians and AV users. The findings of
this study shed light on some key concerns and constraints of older Americans toward future
automated transportation system.
4.2. Background
4.2.1. From the perspective of users
Several prior studies examined older adults’ attitudes and preferences toward AVTs. Hassan et al.
(2021) investigated older Canadians’ perception, willingness, and concerns toward using AVTs.
In this regard, a sample of 1000 senior Canadians residing in Southern Ontario, Canada was
collected using an online questionnaire. They identified the main latent factors influencing seniors’
willingness to use SAVs and FAVs. The study resulted in the identification of the latent factors
“positive impact of AVTs in assisting driving-related tasks” as well as “reliability and liability
concerns”. Additionally, other factors such as being a passenger, assistance needs while driving,
education level, and gender were found to significantly influence their perception and willingness
to use SAVs and FAVs. Reliability and liability latent factors were found to significantly lower
seniors’ willingness to use FAVs, while it was found to be less influential regarding SAVs.
Education and gender were more significant in seniors’ willingness to use FAVs, while they were
not influential in using SAVs. Those who preferred being a passenger rather than driver favored
SAVs over FAVs. The paper also concludes that seniors are more inclined toward SAVs and show
more concerns and reluctance toward FAVs.
To explore older drivers’ perceptions and motivations to use AVTs, Gish et al. (2017) interviewed
a sample of older Canadians 60 to 85 years old who owned a vehicle that was equipped with at
least two AVTs. One hypothesis tested in this research was whether age-related functional declines
affected seniors’ decisions while purchasing a vehicle. The findings showed that seniors’ adoption
of AVTs were not mainly because of their health-related challenges and functional declines.
However, they found AVTs useful in mitigating age-related deficiencies while driving. In addition,
respondents reported to have higher comfort behind-the-wheel using AVTs.
Furthermore, there are several prior studies investigating older adults’ perception, attitude,
willingness, and preference towards shared and/or private AVs. For example, Faber and Lierop
(2020) investigated the mobility-related needs and desires of seniors residing in Utrecht,
Netherlands to capture their perception and attitude toward four AV scenarios including: (1) fixed
route, schedule, and timetable automated public transportation (APT), (2) on-demand APT, (3)
fleet based SAVs, and (4) privately owned AVs. The results showed a positive inclination toward
AVs perceived as an effective tool overcoming mobility and accessibility challenges. About 79%
of the participants showed a positive preference toward at least one of the four AV scenarios.
Although one third of the respondents preferred the privately owned scenario, the on-demand
scenario was the most favored. The main limitation of this study is the small sample size (n=24)
which questions the generalizability of the results.
Hassan et al. (2019) identified contributing factors affecting older Canadians’ perception and
willingness to use AVs based on a national online survey. Five latent factors were identified
including seniors’ mode share, distance driven, driving importance, income, and dwelling location.
The results suggest that most senior Canadians were reluctant to have access to autonomous taxis
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as an alternative to owning multiple vehicles. Also, they did not favor paying extra for autonomous
features. Seniors’ whose main mode of transportation was driving were found to be the most
resistant group to AV adoption. In contrast, male seniors with higher income levels living in urban
areas were more likely to use AVs. In addition, most of the seniors preferred SAVs over FAVs
because of SAVs’ intervention capability, which was mainly due to their lack of trust in AVs’
reliability and liability.
Becker and Axhausen (2017) conducted a comprehensive literature review of survey-based studies
aimed to identify the trend of AV acceptance to determine when, how, and why the paradigm shift
happens. The reviewed literature included travel behavior, mode choice, willingness to pay, and
acceptance of AVs. Based on the findings of this study, online surveys were the most common
approach, with a wide sample size from 30 to 23,000. The paper provides evidence that younger
drivers were more open to AVs, while one study found that propensity to use AVs increases as
participants’ age increased. Overall, male participants living in urban areas who owned a vehicle
equipped with AVTs were found to be more probable to use AVTs, especially when driving at
highways with traffic congestion.
4.2.2. From the perspective of non-motorized users
Rahman et al. (2021) investigated bicyclists’ and pedestrians’ perception of AVs in Pittsburgh,
Pennsylvania who had real-world experiences of sharing the road with AVs to identify nonmotorized road users’ expected regulations needed for such a shared road environment. Although
participants had more positive perception toward AVs, negative perceptions were associated with
lack of comfort and perceived safety near AVs. The findings of the study revealed that the
respondents’ perceptions were a function of household auto-ownership, familiarity with AV
technology, and following AV-related news. Das (2021) also concluded that most of the
participants (having real-world experiences in Pittsburgh, Pennsylvania) were positive toward
AVs.
Rahman et al. (2019) investigated seniors’ perception of AVs from the perspective of pedestrians
and AV users 60 years and over. The findings of this study revealed that seniors were positive
towards AVs in terms of attitude, trust, perceived usefulness, compatibility, social norm, and
acceptance. The results also showed that seniors who were familiar with AVs were more likely to
show positive perception.
Woodman et al. (2019) investigated how pedestrians perceive the spaces between AVs and
identified significant factors in pedestrians’ gap acceptance in the presence of AV platoons. Using
a virtual environment, different scenarios were tested using four temporal gaps (2-5 s), four vehicle
speeds (1-16 km/h), and two road environments (a typical road including line markings and
footpath, as well as a shared space with no separation among pedestrians and AVs). Using a Likert
scale, participants reported whether they would cross between the AVs and how safe they feel the
situation is. It was found that participants felt safer in the typical road with lane and footpath
markings compared to the shared space. Compared to the typical road environment scenario,
participants were more probable to attempt crossing between platoons when they were travelling
closer in the shared space scenario.
Deb et al. (2017) developed and validated an online survey to evaluate pedestrians’ receptivity
toward FAVs. The survey addressed participants’ trust, attitude, compatibility, system
effectiveness, and social norms. The responses of 482 American individuals were analyzed using
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Principal Component Analysis and resulted in the identification of three main components of
safety, compatibility, and interaction. The validity of the structure was confirmed using
Confirmatory Factor Analysis and regression models were developed to reveal associations among
responses and three aforesaid principal components. The results showed that although participants’
acceptance of FAVs was a function of all three components, road crossing intention among
pedestrians in front of FAVs was a function of interaction and safety components, not the
compatibility. In addition, it was found that male, younger participants, those who reside in urban
areas, and those reported to have a higher level of personal innovativeness were more receptive to
FAVs. Pedestrians with negative crossing behaviors (such as violation, aggression, and lapse) were
reported to be confident to cross in front of FAVs. People with positive crossing behaviors were
of the conception that overall traffic safety will be improved by adding FAVs to the transportation
system.
Seniors’ perception and attitude toward AVs play a critical role in their utilization of SAVs and
FAVs, as well as their acceptance of shared and/or private AVs. Considering the aforesaid studies,
a mostly mixed perception and attitude has been observed among seniors. Although the state-ofthe-art literature tends to separately study senior pedestrians and AV-users, this study contributes
to the literature by investigating older Americans’ perception and attitude to AVs from the
perspective of AV users and pedestrians at the same time. This allows us to better understand
seniors’ concerns and preferences toward a wide range of AV options from different aspects. It
also enables transportation researchers, authorities, and manufacturers to tailor the automated
transportation network based on seniors’ needs. To fill this gap, this study investigates seniors’
perception and attitude toward AVs from the perspective of pedestrians and AV users through
conducting a national survey in the US.
4.3. Data
The data were collected using an online national survey that was conducted among a sample of
senior Americans (65 years and over) during Spring 2021. Figure 4.1 depicts the procedure used
to develop the survey instrument and to gather the data. A design-thinking and user-centered
approach was used to create the questionnaire. Detailed explanations on the design-thinking
approach can be found in Dam and Siang (2018) and Doulabi et al. (2021). The Qualtrics platform
was used to design and implement the online survey, while skip logics and visuals were used to
improve the survey dynamics. Ten senior Americans living in Louisiana participated in the pilot
study to test the first draft of the questionnaire, which resulted in questionnaire modification and
improvement. The Institutional Review Board (IRB) approval was obtained for this study that can
be seen in Appendix.
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Figure 4.1. Survey design and implementation procedures
To validate the representativeness of the study's sample of the total population of older Americans,
the collected data were compared to the proportions of the senior American population in terms of
gender, age, and state of residence. As shown in Table 4.1, a total of 1000 senior Americans (65
years or above) completed the survey, and it was found that the collected survey responses
represented the older adult population within the US in terms of gender and age groups. According
to the Table, 50.3% of participants were females, 37.4% were 65-69 years old, 29.8% were 70-74,
19.3% were 75-79, 10% were 80-84, 3.1% were 85-89 and 0.4% were 90 years old or over.
Table 4.1. Survey participants by age and gender
Age by Gender
65-69
70-74
75-79
80-84
85-89
90+
Proportion of survey
respondents
Proportion of US
older adults

Male
Participants

Female
Participants

164
145
115
57
15
1

210
153
78
43
16
3

49.7%

50.3%

49.2%

50.8%

Proportion of
survey
respondents
37.4%
29.8%
19.3%
10%
3.1%
0.4%

Proportion of
US older
adults
33%
25%
17%
12%
8%
5%

100%

In terms of place of residence, the distribution of survey data was accurate enough with respect to
the geographical distribution of older adults in the US. The share of each state in the survey sample
was identified based on the proportion of older Americans living in each state. Table 4.2 shows
the states’ shares from older Americans’ population and the survey respondents which indicates
the representativeness of the study's sample in terms of place of residence.
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Table 4.2. States’ shares of older Americans’ population and the survey respondents
States
Alabama
Arizona
California
Colorado
Connecticut
Florida
Georgia
Illinois
Indiana
Kentucky
Louisiana
Maryland
Massachusetts
Michigan
Minnesota
Missouri

%States’
share of
senior
Americans
1.6
2.4
10.8
1.5
1.2
8.3
2.8
3.9
2
1.4
1.4
1.8
2.2
3.3
1.7
2

%States’
share of the
survey
respondents
1.5
2.4
10.8
1.5
1.2
8.3
2.8
3.9
2
1.4
1.2
1.7
2.3
3.3
1.7
1.8

States
New Jersey
New York
North Carolina
Ohio
Oklahoma
Oregon
Pennsylvania
South Carolina
Tennessee
Texas
Virginia
Washington
Wisconsin
Pooled Category1
Tota1

%States’
share of
senior
Americans
2.8
6.2
3.2
3.9
1.2
1.4
4.5
1.7
2.1
6.8
2.5
2.2
1.9
11.3

%States’
share of the
survey
respondents
2.7
6.2
3.1
3.9
1.1
1.4
4.5
1.7
2
6.8
2.5
2.2
1.8
12.3

100

100

The national survey in this study was administrated by Qualtrics that provides online data
collection services from panels of the general population (in this case older Americans). Qualtrics
sent emails to the aforesaid panels inviting them to participate in our survey. Information about
the survey’s objectives, criteria to participate, benefits and potential harms to participants were
provided. Accordingly, the required survey responses were collected from those who accepted to
participate in our study while maintaining the privacy of the respondents. The survey included
“Prefer not to answer” and “Not applicable” options wherever needed. Multiple “soft launches”
were conducted to validate the data and to confirm the initial responses were reasonable. It is worth
mentioning that Qualtrics offered incentives (e.g., included airline miles, gift cards, redeemable
points, and vouchers) to participants upon the survey completion.
During the first soft launch, fifty responses of the national survey were collected and analyzed to
discover any possible issues with the survey questionnaire and to perform any modifications
needed prior to the final data collection. Then, another 50 responses were collected in the second
soft launch to assure the desired data quality. After confirming the adequacy of the survey
instrument, minimum sample size was calculated using equation 5.1, where 𝜎, z, and MOE
represent population standard deviation, confidence level score, and margin of error (MOE),
respectively. Because multiple survey questions were of particular interest in this research, the
maximum standard deviation among them (which was found to be 1.817 from the 100 collected
responses) was selected to assure the sample is large enough to allow testing for all variables. By
allowing a 10% error (MOE of ±10) in no more than 90% of the cases (z-score of 1.64), the
minimum sample size was found to be 894. To increase the power of the tests and the reliability
of the results, 1000 data points were collected and analyzed in this study.

1

The pooled category includes the rest of states with 1% or less share from the total older adult population.
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n ≥(

σ∗z 2
)
MOE

Eq. (4.1)

The survey instrument included five sections consisting of (1) demographic characteristics, (2)
pedestrian crossing behavior, (3) stated pedestrian crossing behavior in the presence of AVs, (4)
attitudes toward shared AVs, and (5) perceptions and attitudes toward SAVs and FAVs. Using a
5-item Likert scale ranging from strongly agree to strongly disagree, survey respondents expressed
their level of agreement/disagreement with several statements in sections (2) to (5). Survey
sections and corresponding variables are described in detail under section 5.1, Descriptive
Statistics.
4.4. Method
Figure 4.2 demonstrates the analytical methodology adopted in analyzing the survey of older
Americans. This methodology is based on descriptive statistics, Principal Component Analysis
(PCA), Cluster Analysis (CA), Kruskal-Wallis (KW) test, and Wilcoxon Rank Sum (WRS) test.

Figure 4.2. Overall methodology adopted in analyzing the survey of older Americans
While analyzing survey responses, the common practice is to identify latent variables predicting
participants’ behavior, attitudes, and perceptions. The latent variables, which are also known as
components or factors, are mainly linear combinations of the observed variables. Each observed
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variable is associated with loading scores showing its importance in predicting different latent
variables. The optimal scaling technique of Categorical PCA is a common technique to estimate
latent factors (Papadimitriou et al., 2016) by reducing the data into a more manageable set of
components retained for further analysis.
Kaiser-Meyer-Olkin (KMO) statistics were then calculated for the overall data set and each
individual variable. All the variables under the fifth section (referring to senior attitudes toward
SAVs and FAVs) with KMO values below the threshold of 0.6 were removed from the PCA. The
rest of variables had a KMO value above 0.6, and the overall KMO value of 0.74 was obtained.
This means the sample and the remaining thirty variables were suitable for PCA (Shrestha, 2021).
Using Varimax rotation, the optimal number of principal components was determined based on
three different criteria: the Kaiser rule, scree plot, and the proportion of the variance explained by
the components. The statistical technique of Varimax rotation not only clarifies the relationship
among dimensions, but also improves the interpretability of the correlation matrix (Sheykhfard et
al., 2020).
Subsequently, CA was performed based on the component scores obtained in the previous step.
The common method of K-mean CA was performed, and the optimum number of clusters was
determined based on two criteria of scree plots and Gap Statistics. Under the null hypothesis, Gap
Statistics measure the deviation of the observed from the expected values. The optimum number
of clusters is determined where the corresponding Gap statistic is maximized (Tibshirani et al.,
2001).
After identifying the optimum number of clusters and performing the K-mean cluster analysis,
observations in the data were categorized into different clusters. To investigate participants’
attitude and perception toward SAVs and FAVs (which was previously excluded from the PCA
and consequent cluster analysis based on KMO statistic), a KW test was performed to obtain future
insight on these survey questions. The KW test determined whether there was a significant
difference among individuals across different clusters. Therefore, pairwise comparisons using
WRS test with continuity corrections were conducted to complement the KW test results.
4.5. Analysis
4.5.1. Descriptive Statistics
As shown in Table 4.3, more than half of the respondents were married (57%). Also, over half of
the participants have a college diploma or university degree (58%). More than 80% of the
participants were retired. About one third of the participants have annual household income of less
than $40K. About 92% of the respondents claimed to have either one or two household members
including themselves. Nearly 80% of the participants reported to have either one or two vehicles
in their household. More than half of the surveyed population were residing in suburban areas,
while the rest of 25% and 18% of participants were living in rural and urban areas, respectively.
Nearly 77% of respondents were living in a house and 80% of them owned their place of residence.
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Table 4.3. Demographic characteristics of the surveyed population
Marital
Status

Education

Employment
Status

Annual
Household
Income

Variable
Single
Married
Others
University Degree or higher
College diploma
Apprenticeship or trades
certificate or diploma
High school diploma
No certificate
Employed
Retired
Unemployed
Not working/unable to work
Less than $19,999
$20K to $39,999

Percentage
30.2
57.2
12.6
33.5
24.2
16.3
24.8
1.2
14.2
82.3
2.3
1.2
7.4
25.5

$40K to $79,999

36.6

$80Kto $99,999
Above $100K
Prefer not to answer

11.1
14.7
4.7

Variable
0
Number of
1
vehicles in
2
household
3+
1 to 2
Number of
3 to 4
adults in
HH
5 to 6
7+
Urban
Type of
residence
Suburban
area
Rural
Apartment
Condo
Dwelling
House
type
Retirement
dwelling
Others
Rent
Home
Ownership Own

Percentage
5.8
48.4
36.6
9.2
92.5
7
0.4
0.1
18
56.5
25.5
13.7
7
76.6
0.7
2
20.5
79.5

Nearly 77% of respondents reported to have no physical, medical, or disability condition that
negatively affected their walking or driving capabilities. However, about 23% had at least one of
the aforesaid limitations negatively affecting their walking or driving abilities. Physical limitation
had the largest share (16%) compared to disability and medical condition (7%).
The survey included seven questions to address senior pedestrians’ behavior while crossing a road.
Figure 4.3 depicts the agreement/disagreement levels of responses to these questions. It was found
that the almost all the participants avoided using their phone while crossing a roadway (V2.1). Up
to 11% of the respondents were crossing between parked vehicles or vehicles stopped on the
roadway in traffic jams (V2.2 and V2.3). Also, up to 30% of the participants showed risky crossing
behaviors by ignoring the traffic signal or finding an appropriate gap in all lanes of a roadway
(V2.5-V2.7).
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Figure 4.3. Pedestrian behavior at crosswalks (%)
Seven questions were included in the survey to collect data on pedestrian behavior while crossing
a road in the presence of AVs. As shown in Figure 4.4, about 20% of the respondents assumed that
driverless cars are completely safe and reliable (V3.2) and will yield to them on their right of way
(V3.1). Half of the participants preferred to walk more to reach an intersection to avoid crossing
Mid-Block crosswalks in the presence of AVs (V3.3). About 65% of the respondents stated to
walk faster (V3.4) and to choose a larger gap to cross (V3.5) when AVs are approaching.
Furthermore, about 75% of the respondents stated that they will only cross a street when the AV
comes to a complete stop (V3.6) or will wait as much as needed until AVs clear/pass the street
(V3.7).
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Figure 4.4. Pedestrian behavior at crosswalks in the presence of AVs (%)
The survey included three questions about seniors’ attitudes toward using shared AVs as a taxi
during and after the pandemic. As shown in Figure 4.5, about 7% of the participants preferred to
use shared AVs as a taxi during and after the pandemic (V4.1 and V4.2) rather than using public
transit or ridesharing services. Nearly 20% of the respondents stated to use driverless taxis if they
are sanitized every time before usage (V4.3).
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V4.3

Figure 4.5. Seniors’ attitude to use shared driverless vehicles as a taxi
Ten questionnaire items were provided in the fifth section of the survey to address seniors’
attitudes and perceptions toward SAVs and FAVs. As shown in Figure 4.6, 43% of the participants
stated to often using in-vehicle technologies available in their vehicles (V5.1). About 42% of the
participants were willing to pay extra for automated features if they make driving easier for them
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(V5.2). Around 45% of the participants preferred using a SAV because they can intervene when
necessary, such as in the case of a technology failure (V5.3). About 35% of the sample preferred
using a SAV because it is more reliable than a FAV (V5.4). Approximately 11% of the respondents
stated that they would use a FAV because of it being safer compared to SAVs by eliminating
human error (V5.5). Only 18% and 10% of the respondents stated that they would use a FAV if
they will not be legally responsible for its technology failures (V5.6) and if they are more
convenient by allowing them to work, relax, chat with others during the trip (V5.7), respectively.
Nearly equal proportions were opposed, neutral, and favored the variable V5.8 (I would prefer
using a SAV in the future if FAVs will be more expensive than SAVs). In addition, 10.6% and
12.4% of the participants preferred using a FAV rather than a SAV as a shared taxi (V5.9) and as
their preferred mode of transportation after being retired from driving (V5.10), respectively.
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Figure 4.6. Seniors’ attitude and perception toward SAVs and FAVs (%)
4.5.2. Principal Component Analysis
Based on the three criteria discussed in section 4.4, the optimum number of principal components
were identified by eigenvalues, cumulative proportion of variance explained, and a scree plot.
Using an eigenvalue >1 criterion led to numerous (12) components. Many of them included less
than two indicators with no significant contribution in the total variance explained. In the next
step, the scree plot showed that eigenvalues start to change slightly after the fourth principal
component (Figure 4.7). Considering the cumulative proportion of variance explained by the four
first components as well as interpretability of the PCs, maintaining the first four PCs was found to
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be the optimal solution. As shown in Table 4.4, the cumulative proportion of variance explained
by the first four PCs was found to be 86% of the variance, which is satisfactory.

Figure 4.7. Scree plot for identifying optimum number of components
Table 4.4. Proportion of variance explained by the four first components
SS loadings
Proportion var
Cumulative var
Proportion Explained
Cumulative Proportion

RC1
3.32
0.09
0.09
0.25
0.25

RC2
3.13
0.09
0.18
0.23
0.48

RC3
2.82
0.08
0.26
0.21
0.69

RC4
2.38
0.07
0.32
0.18
0.86

In the next step, the loaded variables as well as the loading scores were investigated under each
component to interpret the results, as shown in Table 4.5. Variables with loading scores of 0.40
and lower are considered to have a weak contribution in the component estimation. Additionally,
removing the weak variables made the interpretation straightforward (Papadimitriou et al., 2016).
The four components can be tentatively labelled and summarized as follows:
Component 1, “risky pedestrian crossing behavior”: by bringing pedestrian crossing behavior
elements of the survey together, this component explained the largest proportion of the variance
(25%) in the data. It should be noted that the loading scores related to risky behaviors had a positive
sign. The coefficient for the cautious behavior (i.e., crossing only on a WALK signal indication)
had a negative sign. Additionally, the data were coded in a way that “strongly disagree” had the
least value (i.e., 1) and “strongly agree” had the highest value (i.e., 5). Thus, this component
captured risky pedestrian crossing behavior.
Component 2, “cautious pedestrian crossing behavior in the presence of AVs”: this component
was correlated with the variables capturing crossing behavior in the presence of AVs. It explained
the second largest proportion of the variance (23%) in the data.
Component 3, “positive perception and attitude toward shared AVs”: this component mainly
included survey variables designed to capture attitudes and perceptions toward shared AVs. This
component explained about 21% of the variation in the data.
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Table 4.5. Rotated principal component loadings on the optimally scaled variables
Component 1: Risky pedestrian crossing behavior
I start to cross when there is an acceptable gap regardless of the signal
I cross the street if there is no traffic regardless of the signal indication
If there is a traffic signal, I cross only on a WALK signal indication
I cross between vehicles stopped on the roadway in traffic jams
If I am in a hurry, I might cross the road at non-dedicated pedestrian crossing to save time
I cross between parked vehicles or other obstacles
Component 2: Cautious pedestrian crossing behavior in the presence of AVs
I will choose larger gaps to cross a street when a driverless vehicle is approaching
I will walk faster to cross when a self-driving vehicle is approaching
I will wait as much as needed until self-driving cars clear/pass the street
I will only cross the street when the self-driving comes to a complete stop
I will walk more to reach an intersection to avoid crossing Mid-Block crosswalks in the
presence of CAVs
Component 3: Positive perception and attitude toward shared AVs
I prefer to use shared driverless vehicles as a taxi during the pandemic rather than using
public transit or ridesharing with others
I prefer to continue using shared driverless vehicles as a taxi after the pandemic rather
than using public transit or ridesharing with others
I will use driverless taxis if they are sanitized every time before I use them
I assume that driverless cars will yield to me on their right of way
Component 4: Demographic Characteristics
What is type of dwelling do you live in?
Do you rent or own your home?
How many vehicles do you have in your household?
Do you drive at least one of the vehicles in your household?
In which type of area do you reside?

0.75
0.70
-0.63
0.61
0.61
0.54
0.83
0.76
0.74
0.73
0.61

0.87
0.87
0.68
0.53
0.74
0.68
0.65
0.53
0.41

Component 4, “demographic characteristics”: this component brought variables related to
demographic characteristics together by explaining an additional 18% of the variance in the data.
Variables loaded on this component were coded in such a way that larger values belonged to
homeowners living in houses in urban areas and driving at least one of the multiple vehicles within
the household. They were referred to individuals with higher demographic scores in this paper.
Individuals with lower demographic scores had the opposite condition mentioned above.
4.5.3. Cluster Analysis
The PCs identified in the previous stage of the analysis were found to be in accordance with the
structure of the survey and groupings were found to be reasonable. Then, cluster analysis was
performed upon the component scores using PCA. Three clusters were found to be the optimum
number of clusters of seniors based on the clustering criteria discussed in section 4. As shown in
the left side of Figure 4.8, the scree plot shows that within groups, sums of squares reduced slightly
after the third cluster. This was also confirmed by the Gap Statistic shown in the right side of
Figure 4.8. Although the Gap Statistic improved by having six clusters (a Gap Statistic of 0.79) or
more, the improvement in the Gap Statistic value was not considerable compared to the Gap
Statistic value of 0.79 associated with three clusters. Therefore, three clusters were selected as the
optimum value.
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Figure 4.4. Scree plot and Gap Statistic to identify optimum number of clusters
In the next step, K-mean CA was conducted on the rotated PCs (RCs) using a Varimax procedure.
Consequently, three clusters with 149, 378, and 478 observations were labeled as cluster 1 (C1),
cluster 2 (C2), and cluster 3 (C3), and were shown by green, black, and red colors in the following
figure, respectively. Figure 4.9 shows three clusters’ positions on a matrix of RC pairs. To identify
and interpret distinctive characteristics of the clusters based on the RCs, at least two clusters should
be distinguishable across RC-pairs. The RC1*RC2 plots illustrate individuals in all three clusters
are scattered and therefore, they cannot be distinguished from each other based on these two PCs.

Figure 4.9. Clusters based on RCs (C1 in green, C2 in black, and C3 in red)
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According to the RC1*RC3 plot in the above figure, individuals in the green cluster are scattered
across all range of values of the RC1 axis; however, they mainly included negative values of the
RC3. This means that individuals in the C1 cluster showed a mixed agreement level toward taking
risky pedestrian crossing behavior. Moreover, they had a negative perception and attitude toward
shared AVs.
In addition, the C2 and C3 clusters included positive and negative values of the RC1, meaning that
individuals in these clusters indicated a mixed agreement level toward taking risky pedestrian
crossing behavior. However, individuals in the C3 and C2 clusters had a negative and positive
value of the RC3, respectively. This reveals that individuals in the C3 cluster had a negative
perception and attitude towards shared AVs, and individuals in the C2 cluster had a positive
perception.
Based on the RC1*RC4 plot, all individuals are scattered across the RC1 and therefore cannot be
distinguished by this component. However, they were loaded on different value ranges of the RC4.
In fact, the C1 cluster was loaded on the negative values of the RC4, while the C2 and C3 clusters
were loaded on the positive values of the RC4. This indicates that individuals in the C1 scored
lower on demographic characteristics, while individuals in the C2 and C3 clusters scored higher
on demographic characteristics.
Although the C2 and C3 clusters overlapped in the RC2*RC4 plot, the C1 cluster was completely
separated from them. In fact, the C2 and C3 clusters were mainly loaded on the positive values of
the RC2 as well as positive values of the RC4, meaning most of the individuals in these clusters
stated to have cautious pedestrian crossing behavior in the presence of AVs, and were individuals
with higher demographic scores. The green cluster from having positive loading scores on the RC2
and negative scores on the RC4 refers to individuals with cautious pedestrian crossing behavior in
the presence of AVs and had lower demographic scores.
4.5.4. Non-parametric Tests
Non-parametric pair comparison tests were performed to analyze the 10 questions in section 5 of
the survey that were not included in the PCA and consequently in the CA. To this end, every
individual was labeled with the corresponding cluster number. Table 4.6 summarizes the KW and
WRS tests results to identify whether individuals within these three clusters had different attitudes
and perceptions toward SAVs and FAVs. A P-value of 0.05 and smaller associated with the KW
test rejected the null hypothesis (H0: no difference among the clusters) at a 95% confidence level
and, therefore, the WRS test was conducted to determine where the difference was.
Figure 4.10 demonstrates the perceptions and attitudes of participants toward SAVs and FAVs. To
facilitate the interpretation, the agree and strongly agree (as well as disagree and strongly disagree)
classes were combined.
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Table 4.6. Kruskal-Wallis test and Wilcoxon rank sum test
Variable

Question item

KW chisquared

P-value

V5.1

I often use in-vehicle technologies
available in my vehicle

18.97

7.585e-05

C2
C3

14.41

0.0007

C2
C3

11.24

0.003

C2
C3

13.96

0.0009

C2
C3

5.79

0.055

C2
C3

3.62

0.163

C2
C3

V5.2

V5.3

V5.4

V5.5

V5.6

I am willing to pay more for
automated features if they make
driving easier for me
I would prefer using a SAV
because I can intervene, when
necessary
I would prefer using a SAV
because it is more reliable than a
FAV
I would use a FAV because they
are safer compared to SAVs by
eliminating human error
I would use a FAV if I will not be
legally responsible for its
technology failure

WRS test’s p-value

V5.7

I would use a FAV because they
are more convenient

4.97

0.083

C2
C3

V5.8

I would prefer using a SAV in the
future if FAVs will be more
expensive than SAVs

12.89

0.001

C2
C3

V5.9

I would prefer using a FAV rather
than a SAV as a shared taxi

9.74

0.007

C2
C3

V5.10

FAV will be my preferred mode of
transportation when I retire from
driving

6.19

0.045

C2
C3

53

C1
5.8e-05
0.006
C1
0.0006
0.0007
C1
0.004
0.004
C1
0.001
0.001
C1
0.05
0.05
C1
0.28
0.18
C1
0.19
0.08
C1
0.001
0.002
C1
0.006
0.006
C1
0.04
0.04

C2
0.04
C2
0.72
C2
0.82
C2
0.67
C2
0.68
C2
0.38
C2
0.28
C2
0.97
C2
0.93
C2
0.78

Figure 4.10. Clusters’ perception and attitude toward SAVs and FAVs (%)
Variable V5.2, V5.3, V5.4, V5.8, and V5.9 showed a p-value smaller than the 0.05 threshold for
the KW test and cluster 1 was found to be significantly different from the two other clusters across
all these variables. This means that individuals in the C1 cluster were less willing to pay extra for
automated features even if driving becomes easier, which is consistent with their lower
demographic score. Moreover, individuals in the C1 cluster showed a lower value for the
intervention capability of SAVs compared to other clusters. Also, a smaller share of individuals in
the C1 cluster assumed SAVs are more reliable than FAVs. Furthermore, they were more inclined
to use SAVs due to assumed lower costs in the future. Additionally, individuals in the C1 cluster
were less willing to use FAVs as a shared taxi compared to other clusters. This means individuals
in the C1 cluster were more concerned with the cost of AVs rather than comfort and reliability.
However, the other two clusters with higher demographic score were mainly concerned about
comfort and reliability. It should be noted that there was generally more inclination toward SAVs
compared to FAVs among all participants, particularly as a shared taxi and as the preferred mode
of transportation after driving cessation.
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4.6. Discussion
The results revealed that individuals with lower demographic scores in the C1 cluster had a
negative perception toward pedestrian-AV interaction as well as using shared AVs. This is
consistent with Hassan et al. (2019) and Becker and Axhausen (2017), who found people living in
rural or suburban areas and those owning fewer vehicles within the household were more reluctant
to use AVs.
The results also showed that only one third of participants with lower demographic scores were
using in-vehicle technologies. Several researchers such as Eby et al. (2015) found that various
AVTs were useful to assist older drivers not only by improving their driving performance, but also
by reducing the severity of their collisions. Therefore, it is suspected that low demographic scored
participants were burdened with daily driving tasks and AVT utilization is expected to improve
their safety and mobility.
According to Shin et al. (2019), seniors, especially individuals with lower demographic scores,
were perceived to be less familiar with technology and resistant to utilize it in their daily lives.
Rahman et al. (2021) found that familiarity with technology, following AV-related news, and
household auto-ownership affected non-motorized users’ perceptions toward AVs. Therefore, it is
suspected that AVT reluctance among LDS individuals was due to lack of familiarity with the
technology. This issue not only prevented them from using available in-vehicle technologies, but
also caused a negative perception toward AVs. They were also less willing to pay extra for
automated features compared to others. This is consistent with Lajunen and Sullman (2021), who
found seniors were more concerned about AVT costs and were less willing to pay for AVs.
Although individuals in the C2 and C3 clusters had similar demographic characteristics (i.e.,
higher demographic scores), they revealed a different perception and attitude toward pedestrianAV interaction and shared AVs. Individuals in the C2 cluster revealed a negative perception
toward AVs from the perspective of pedestrians. However, they showed a positive inclination
toward shared AVs. On the contrary, individuals in the C3 cluster revealed a somewhat positive
attitude toward pedestrian-AV interaction as well as a negative perception toward shared AVs.
This means there was a consensus among all seniors to be concerned about pedestrian-vehicle
interaction.
Participants stated to be more cautious when crossing a street in the presence of AVs in such a way
that 80% of the respondents preferred to walk more to avoid crossing in front of AVs or to wait as
long as needed to avoid crossing in front of an AV. It should be noted that although most of the
participants in all three clusters had a negative perception toward AV-pedestrian interaction, a
small portion of participants with higher demographic scores showed a positive perception toward
it. These individuals were found to be mostly younger seniors (below 75), males, and those who
are still in work force. Doulabi et al. (2021) found that Canadian pedestrians with similar
characteristics (i.e., males 65 to 75 years old and still working) were at elevated risk of pedestrianvehicle collisions. It is therefore suspected that male seniors who were still working overestimated
their crossing capabilities. This might be one of the possible reasons behind their positive
propensity toward pedestrian-AV interaction. Hence, we suggest future studies to investigate the
relation between senior pedestrians’ (stated and revealed) crossing capabilities and their perception
and attitude to pedestrian-AV interaction.
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About half of the individuals in the C2 and C3 clusters utilized in-vehicle technologies and were
willing to pay extra for such technologies. Overall, they preferred SAVs over FAVs. The results
revealed that most of the participants preferred SAVs over FAVs, regardless of their sociodemographic characteristics. This is consistent with Hassan et al. (2021), who found that senior
Canadians favored SAVs over FAVs.
Positive perception toward shared AVs was only observed at the C2 cluster (about one third of the
participants). This is consistent with Saeed et al (2020) and Weiss et al. (2019), who reported
reluctance to use shared AVs among most older adults.
About 10% of individuals in all three clusters showed interest in FAVs as either the preferred mode
of transportation after driving cessation or as a shared taxi. Although the reasons behind reluctance
to FAVs is unknown, several studies found that liability uncertainties (i.e., collision responsibility)
was a major concern in AV adoption among users. Raj et al. (2020) even considered AVs’ liability
issue as one of the prominent barriers to the adoption of AVs. However, the results of this study
showed that less than 20% of the respondents, across all three clusters and with diverse sociodemographic characteristics, stated to use FAVs if they were not responsible for technology
failures. Additionally, respondents who had a physical or medical condition affecting their driving
abilities assumed that FAVs are safer than SAVs by eliminating human errors.
It is worth mentioning that collecting data through an online questionnaire is one of the limitations
of this study, which resulted in the underrepresentation of older adults 85 years and over; this is
most likely due to their smaller share of the population as well as lack of internet access. So, we
suggest future studies to use multiple data collection methods such as focus groups, mail-in, and
telephone surveys.
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Chapter 5. Studying Senior Drivers’ Behavior to V2I Warning Messages
5.1. Introduction
Horizontal curves were found to be one of the main susceptible road environments to fatal
collisions. According to FHWA (2018), more than a quarter of fatal collisions occurred at twolane curve roads. The most common types of collisions at horizontal curves were departure into
the opposing lane and running off road collisions (Wang et at.,2020 and Persaud et al., 2000).
Several studies explored the main contributing factors leading to traffic collision at roads’
horizontal curves. According to Xin et al. (2017 and 2019), horizontal curves are more frequent
on two-lane highways in rural areas that usually have low speed compliance rate due to lower
traffic volume. Since the geometry of horizontal curves are usually complicated, drivers who failed
to comply with the speed limit are more prone to be involved in a collision at these locations.
Although there are warning and speed limit signs prior to horizontal curves, drivers’ factor (such
as misperception, unfamiliarity, and unawareness of the curvature sharpness) as well as
environmental condition (low visibility at nighttime, wet pavement due to snow/rain) are among
the main reasons of inappropriate speed adjustment and collisions at horizontal curves (Charlton,
2007a, Reymond et al., 2001, Schneider et al., 2009, Wang et al., 1996).
According to Roy (2011), run-off-road (ROR) crash rates were higher among males, younger
inexperienced, and senior drivers (70 years and over). Although driving experience and sociodemographic characters of drivers affect driving strategy at horizontal curves, senior drivers may
fail to appropriately adjust their speed due to physical and medical conditions or attention issues.
Therefore, it is expected that in-vehicle warning messages might improve drivers’ compliance with
speed limits and therefore promote safety especially at horizontal curves.
Vehicle-to-infrastructure (V2I) communications is an effective tool that can increase situational
awareness such as curve anticipation and improve drivers’ compliance with speed limits. V2I
Communication is based on wireless exchange of data (including but not limiting to operational
and safety) between vehicles and roadway infrastructure that are expected to result in a safer and
more efficient driving environment. According to United States Department of Transportation (US
DOT), early studies found that V2I communications could reduce nearly 12% of potential
collisions.
Although the safety application of V2I communications is evident at horizontal curves, there are
limited research available to investigate the extent to which V2I communications affect drivers’
behavior at road curvature. In this regard, more research is still needed to identify whether
providing in-vehicle V2I warning messages will not cause any safety threats such as driver
distraction or abrupt driving behaviors among different profiles of drivers. To fill this gap, this
study strives to examine how V2I communications affect drivers’ behavior at horizontal curves.
Underlying this objective are to identify age and gender differences in complying speed limit and
to identify the effectiveness of text and audio messages as different V2I communication methods.
Using a driving simulator experiment, drivers’ behavior under three different scenarios of standard
warning and speed limit signs (as the base scenario) on the road, in-vehicle text, and audio V2I
warning messages were analyzed. Also, a self-reported survey was conducted among participants
after the driving simulator experiment to capture their demographic characteristics and preferences
toward different V2I communication types.
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5.2. Background
Horizontal curves are one of the unavoidable components of every highway system. However,
statistics showed that horizontal curves are susceptible to fatal collisions and safety threats to road
users. There are multiple factors contributing to the occurrence and severity of traffic collisions at
horizontal curves. These factors include vehicle handling maneuver, distraction, misperception of
speed limit or curve sharpness, environmental condition, missing information of warning signs,
and lack of compliance with speed limit (Wang et al., 2020). According to NHTSA (2014), high
travel speed at the curvature was the main contributing factor in more than 30% of horizontal curve
fatalities. According to Farmer and Lund (2002), the likelihood of a collision occurrence and
severity was found to be associated with the difference of driving and advisory speeds.
The existing speed warning systems at horizontal curves of US highway system relies on curve
warning signs and speed limit signs that provide a one-time speed warning to alert drivers of the
upcoming curvature. Several prior studies examined the impact of V2I communication on the
speed limit compliance (Jeon et al. 2022, Wu et al. 2020, Choudhari and Maji 2019, Yang et al.
2019, Mittal et al. 2018, Yu et al. 2017, Songchitruksa et al. 2016, Wang et al. 2016, Lu et al.
2015).
For example, Yu et al. (2017) investigated drivers’ behavior and acceptance when safety and
energy saving recommendations were supplied to the drivers approaching intersections through an
in-vehicle V2I communication system. A total of 32 participants drove 7 different intersection
scenarios with and without V2I messages. The result showed that drivers complied the
recommended speed strategies as well as intersection-approaching behavior in more than 70% of
events. The study concluded that drivers’ compliance rate was a function of drivers’ age and V2I
suggestions. Drivers’ reactions were found to be affected by driving experience, current driving
speed, throttle position, V2I suggestions, and system user-friendliness. Gender was not found to
be a significant predictor of driving behavior (such as car-following and lane-changing), which
was consistent with previous studies.
Choudhari and Maji (2019) investigated the effect of driving experience and socio-demographic
characteristics of drivers in run of road (ROR) collisions at horizontal curves. Using a fixed-base
driving simulator, a sample of 48 drivers drove along more than 50 horizontal curves. The results
revealed that ROR crashes were associated with driving experience and drivers’ age. Mid-age
drivers who had high driving experience were found to be less involved in high-risk event. The
high-risk groups of drivers were identified using generalized mixed logistic regression technique.
Accordingly, young drivers (25 years old or below) with mid-high driving experience (driving
above1,000 km/year) as well as mid-age (26 to 50 years old) drivers with low driving experience
(driving 1,000 or less km/year) were at elevated risk of ROR collisions at horizontal curves. The
study suggested that transportation engineers and manufacturers should consider the needs of the
aforesaid high-risk groups in highway geometric design as well as advanced in-vehicle driver
assistance systems. Additionally, sate DOTs were suggested to provide high-risk groups of drivers
with training program to improve their driving behavior and compliance with speed limits at
horizontal curves.
Yang et al. (2019) examined the impact of flashing-light running warning system on collision
occurrence at rail crossing intersections. The study explores different scenarios including warning
signs, pavement markings, and in-vehicle audio warning technology (IVAW). To explore gender
and vocation differences on IVAW adoption, 21 professional and 23 unprofessional drivers with
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a total of 24 male and 24 female drivers participated in a driving simulator experiment. The
experiment included 30 scenarios with different crossing tires, weather conditions, and flashing
light trigger timing. ANOVA and Hierarchical tree-based regression were used to analyze
approaching brake reaction time, deceleration rate, mean speed, crossing time, and drivers’
compliance. It was concluded that flashing-light running warning system can potentially reduce
the likelihood of collision occurrence. Male and professional drivers showed better performance
in detecting and avoiding grade-crossing conflicts while approaching an intersection. It was found
also that driving behavior was improved during adverse weather conditions in IVAW scenario.
Jeon et al. (2022) examined the existing literatures, standards, and guidelines on the usage of invehicle auditory alerts (IVAAs) as specified by International Organization for Standardization and
National Highway Traffic Safety Administration (NHTSA). That study mainly focused on
examining the extent to which IVAAs reduce the occurrence of traffic collisions at highway-rail
grade crossings in addition to the existing warning systems (e.g., lights, markings, and bells). This
study addresses the gaps in the literature by exploring drivers’ behavior and investigating the
impact of different content of IVAAs. It was concluded that system dependability, lead time,
perceived urgency, and perceived annoyance were the main factors in laying out auditory alerts.
5.3. Experiment Design and Data
5.3.1. Experimental Design
Three hypotheses were examined in this study. First, whether supplying drivers with in-vehicle
V2I warning messages before approaching horizontal curves can positively affect their driving
behavior and compliance with speed limits. Second, whether there are any differences in drivers’
behavior when receiving text and audio messages. Third, whether seniors and female drivers
comply more with speed limit when receiving V2I warning messages compared to younger and
male drivers. To test these hypotheses, a driving simulator study was designed including a 4.8mile of road network to evaluate participants’ compliance with speed limits at roads’ horizontal
curves along a two-lane two-way rural road. The tested roads’ network was created based on a
sample of Baton Rouge transportation networks including straight and curve roads, four-leg, and
T-intersections to resemble the roads network of Baton Rouge, Louisiana with a speed limit of 45
mi/h. The base scenario included a standard road sign in accordance with the Federal Highway
Administration Uniform Traffic Control Devices for Streets and Highways (FHWA MUTCD
2009). The second scenario included receiving a V2I text message while the driver is approaching
the horizontal curve using the Altia screen inside the simulator vehicle in addition to seeing the
standard road sign. As shown in Figure 5.1, the text message showing “speed limit 25 Mi/h” was
provided on the screen when drivers were approaching the standard speed limit sign beside the
roadway. The third scenario included receiving an audio V2I advisory message inside the vehicle
in addition to the standard road sign, notifying the driver that “curve ahead, speed limit 25 mi/h”.
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Figure 5.1. V2I Text message on the Altia screen in this experiment
5.3.2. Simulator Specifications
The driving simulator experiment in this study was conducted using a full-size driving simulator
located at the college of engineering at LSU as shown in Figure 5.2. The simulator is high-fidelity
and includes a full-cab vehicle (Ford) along with automatic transmission, adjustable seat, steering
wheel, pedals, gear box, seat belt, and other components. The vehicle is capable to twist and move
in three dimensions using its motion platform. A surround-sound system is also provided to support
engine noise as well as surrounding environmental sounds.
Three CANON WUX450XT front-view projectors were used to create a large field view to
participants. Drivers were receiving high- resolution footage which was created at 60 Hz frequency
and high resolution of 1920 ×1200 pixels. Another projector (OPTOMA TECHNOLOGY) was
used for the rear-view with 60 Hz frequency and high resolution of 1600 ×1200 pixels. To simulate
the side view, two monitors were used with the same frequency and resolution. SimVista,
SimeCreatorDX, and SimCreator software were used to develop the environment, scenarios, and
to run the experiment, respectively. Figure 5.2 shows a side view of the vehicle while participants
were driving the experiment.

Figure 5.2. Driving simulator participants in this study

5.3.3. Data
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Table 5.1 shows the variables that were collected in the driving simulator experiment and their
descriptions. These variables were used to examine drivers’ compliance with posted speed under
three different scenarios discussed earlier.
Table 5.6. Driving simulator variables
Variable
Approaching speed
(mi/h)
Minimum deceleration
(m/s^2)
Speed before curve
initiation (mi/h)

Description
The average speed from 200 meters before the sight
distance of the roadside speed limit sign
The minimum deceleration value after passing the posted
speed limit sign till curve initiation
The average speed from point of tangent to curve initiation

The driving simulator data of interest (i.e., speed, deceleration rate, time, and location) were
extracted at a resolution of 0.016 second. A total of 37 drivers completed the experiment. Table
5.2 shows participants distribution by age and gender groups.
Table 5.7. Driving simulator study’s participants by age and gender
Participants

Younger (65<)

Older (>65)

Sum

Male

18

9

27

Female

6

4

10

Sum

24

13

37

To meet the requirements of the Institutional Review Board (IRB) and obtain their approval to
conduct experiments on human subjects (see Appendix), the research team explained to
participants the objectives of this research, their role in the experiment, how to participate, how
the collected driving behaviors will be kept anonymous. They were informed also that their
participation in this study is voluntary and were given a consent form to sign upon their approval
to participate in this study.
5.4. Method
Figure 5.3 summarizes the methodological approach used in this task. As shown in the figure, the
data was collected and verified via driving simulator and a self-reported survey. Then, descriptive
analysis and Analysis of Covariance (ANCOVA) were performed to investigate the main and
interaction effects among the response variables and treatment factors. The Analysis of Variance
(ANOVA) or Covariance (ANCOVA) has been commonly used by many researchers to compare
group means in similar studies (e.g., Schoenmakers et al. 2021, Michaels et al. 2017, Ding et al.
2013). Although ANOVA is based on categorical groups, ANCOVA allows including numerical
covariate. In this study, age variable was found to better contributes to the analysis by being
considered as a numeric variable than a categorical one. Therefore, ANCOVA was selected over
ANOVA analysis.
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Figure 5.3. Methodological approach used for the driving simulator experiment
5.5. Analysis
5.5.1. Descriptive Statistics
The results of the descriptive statistics for the data collected from the 37 participants in this study
are summarized in table 5.3. The table shows descriptive statistics (minimum, maximum, mean
and standard deviation) of three variables approaching speed, deceleration rate, and speed before
curve initiation.
Table 5.8. Descriptive statistics of driving simulator variables
Variable

Minimum

Maximum

Mean

Approaching speed
Minimum deceleration rate
Speed before curve initiation

29
-0.121
17

63
-0.002
38

41
-0.015
27

Standard
deviation
5.51
0.017
3.97

According to the table, the average approaching speed among all drivers was found to be 41 mi/h
(with a std of 5.51), which is about 4 mi/h below the posted speed limit of the roadway. The
minimum and maximum approaching speed were found to be 29 and 63 mi/h, respectively. The
average value of minimum deceleration rate among all drivers was about -0.015 m/s2 (with a std
of 5.51). The minimum and maximum values of -0.121 and -0.002 m/s2 were observed in the data,
respectively. Participants were driving on the horizontal curve with an average speed value of 27
mi/h (std=3.97), which is about 2 mi/h above the posted speed limit. The minimum and maximum
speed on the curve were found to be 17 and 38 mi/h, respectively.
Figure 5.4 shows the distribution of the variables of interest across the three tested scenarios (base
case: no V2I message, V2I Audio message, and V2I text message). The left plot in the figure shows
that approaching speed was slightly higher at the base scenario (mean=43, std=6.16) followed by
the V2I_Text (mean=41, std=5.21) and V2I_Audio (mean=40.6, std=4.98) scenarios, respectively.
The middle plot shows that V2I_Audio scenario has the lowest minimum deceleration rate value
(mean=-0.02, std=0.01), followed by V2I_Text (mean=-0.01, std=0.02) and the base scenario
(mean=-0.01, std=0.019). In terms of average speed on the curve, the base (mean=29, std=2.91)
had the highest value followed by V2I_Text (mean=28, std=4.37), and V2I_Audio (mean=25.5,
std=3.86) scenarios, respectively.
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Figure 5.4. The distribution of driving simulator variables across different scenarios
The distribution of aforesaid variables was also investigated across different age groups of younger
and senior participants (as shown in figure 5.5). The left plot in figure 5.5 shows that younger
drivers (under 65 years old) had higher approaching speed (mean=42, std=5.78) compared to
seniors (mean=41, std=4.91) who are 65 years old or above. Also, about 25% of the times, the
approaching speed of younger drivers were found to be higher than the posted speed limit of 45
mi/h, while the percentage was as small as 10% among senior participants. The middle plot shows
that senior drivers had slightly lower value of minimum deceleration rate (mean= -0.016, std=
0.01) compared to younger drivers (mean= -0.014, std=0.02). The right plot demonstrates senior
drivers had lower average speed and higher standard deviation while driving on the curve
(mean=26, std= 3.9) compared to younger drivers (mean=28, std=3.7).

Figure 5.5. The distribution of driving simulator variables by age class
Moreover, Figure 5.6 shows the distribution of driving simulator variables by gender. In terms of
approaching speed shown in the left plot, it was found that about 20% (mean=48, std=1.8) and
22% (mean=49, std=4.03) of times female and male drivers had an approaching speed of more
than 45 mi/h. In terms of minimum deceleration rate shown in the middle plot, the mean and
standard deviation were found to be -0.018 and 0.022 among female drivers, -0.013, 0.014 among
male drivers, respectively. In terms of average speed on the curve shown in the right plot, the mean
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and standard deviation were found to be 26 mi/h and 3.5 among female drivers, 28 mi/h, 4.06
among male drivers, respectively.

Figure 5.6. The distribution of driving simulator variables by gender
5.5.2. ANCOVA Analysis
Analysis of covariance (ANCOVA) was performed to evaluate whether there are any significant
differences in the mean values of driver behaviors of interest (i.e., approaching speed, minimum
deceleration rate, and speed on the curve) across the different tested scenarios. The intent was to
determine if the V2I communication messages have a significant influence on drivers’ behavior,
examine how the behavior changes based on different types of V2I messages and across different
age and gender groups.
To verify data integrity and identify whether drivers were driving in a consistent manner
throughout the experiment, approaching speed to each scenario was compared across all three
scenarios. The null hypothesis was “there is no significant difference among drivers’ approaching
speed across all three scenarios”. According to Table 5.4, the results of ANCOVA analysis shows
that there was no significant difference in approaching speed of drivers across all three scenarios
at 95% confidence level, which can be used as an indicator of driving consistency across the three
scenarios.
Table 5.9. ANCOVA model for approaching speed
Approaching
speed
Intercept

Sum
Sq
10136

DF

F Value

Pr (>F)

1

510.7

<2.2e-16 ***

Scenario

2

2

0.05

0.95

Gender

0.2

1

0.01

0.91

Age

1598

25

3.2

3.5e-5 ***

Residuals

1627

82

-

-

It should be noted that the covariate (i.e., age variable) was highly significant at 95% confidence
level, meaning that it significantly adjusts the association between the predictors (i.e., scenario and
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gender) and the outcome variable (i.e., approaching speed). ANCOVA results in adjusted means
of predictor variables representing the means of each group once the covariate has been controlled.
In the next step, the model assumption of homoscedasticity was tested using Levene’s test among
each response variable and categorical variables (i.e., scenario and gender groups). As shown in
table 5.5, all the p-values are equal or above the 0.05 threshold, meaning that the null hypothesis
cannot be rejected, and variances were equal among the groups.
Table 5.10. Testing the homoscedasticity assumption of different models
Response
variables
Approaching
speed
Minimum
deceleration
Speed
before curve
initiation

Levene’s
Test
Scenario
Gender
Scenario
Gender

DF

F Value

Pr (>F)

2
1
2
1

0.38
1.013
0.009
2.13

0.68
0.31
0.99
0.147

Scenario

2

3.19

0.05

Gender

1

1.11

0.29

To test the first hypothesis (i.e., the impact of V2I on drivers’ speed compliance), speed before
curve initiation variable was analyzed. The null hypothesis was that “There is no significant
difference between drivers’ speed before curve initiation across all three scenarios”, while the
alternative hypothesis was “At least one of the scenarios had a significant difference speed while
driving on the curve road”. The ANCOVA model summarized in table 5.6 includes the continuous
variable of age as the covariate and was performed against the categorical variables of scenario
(with 3 levels of base, V2I Text, and V2I Audio) and gender (with 2 levels: males and females).
According to the table, all three main effects of scenario, gender, and age were highly significant
at 95% confidence level. It should be noted that all possible two-way and three-way interactions
were investigated, and no significant interaction terms were found among the variables.
Table 5.11. ANCOVA model for speed before curve initiation variable
Sum Sq
Intercept

4321.9

DF
1

F Value
463.11

Pr (>F)
<2.2e-16 ***

Scenario

88.9

2

4.76

0.011 *

Gender

110

1

11.78

0.0009 ***

Age

717.1

25

3.07

7.08e-5 ***

Residuals

765.3

82

-

-

To further understand the significant differences in speed before curve initiation among the
variables demonstrated above, Tukey post hoc analysis was performed and summarized in table
5.7. By comparing group means in a pairwise comparison, Tukey test indicated that speed before
curve initiation was significantly different across all three scenarios. According to the table, base
scenario with standard road sign had significantly higher speed before curve initiation compared
to V2I scenarios. In addition, among V2I scenarios, speed before curve initiation was significantly
higher when the V2I message was presented in text format on the simulator screen. However, it
was still significantly lower compared to the base scenario. The V2I scenario with audio message
resulted in significantly lower speed compared to other scenarios. Also, the table reveals that male
drivers had significantly higher speed before curve initiation compared to females.
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Table 5.12. Post hoc analysis for speed before curve initiation
Speed before curve
initiation

diff

lower

upper

P adj

Scenario
-3.04
-4.74

-1.35

0.0001***

V2I_Text-Base

-0.28

-1.98

1.41

0.91

V2I_Text- V2I_Audio

2.75

1.06

4.45

0.0006 ***

Male-Female

1.44

Gender
0.14

2.73

0.03 *

V2I_Audio-Base

Low values of minimum deceleration rates are usually considered as a measure of risky driving
behavior such as abrupt braking and therefore it is necessary to investigate whether supplying V2I
information to drivers was not resulted in a significantly higher minimum deceleration rate and
endangered their safety, especially among different age and gender groups. As shown in table 5.8,
it was found that all the variables had a p-value much above the threshold of 0.05, meaning that
the minimum deceleration rate was not significantly different across different scenarios, age, and
gender groups.
Table 5.13. ANCOVA model for minimum deceleration rate variable
Sum Sq
Intercept

0.0014

DF
1

F Value
5.107

Pr (>F)
0.026 *

Scenario

0.0003

2

0.589

0.557

Gender

0.0004

1

1.537

0.218

Age

0.0071

25

0.993

0.485

Residuals

0.0234

82

-

-

To further understand drivers’ behavior and preference to different types of V2I communication,
drivers’ reaction and preference to text and audio messages were investigated using the in-vehicle
cameras and a short self-reported survey, respectively. The survey included multiple questions
regarding the participants’ age, gender, and whether they prefer to receive text, audio, or both
warning messages while driving in real world.
The survey results revealed that nearly 30% of seniors (65 years or above) preferred the audio
message and the remaining 70% of them preferred to receive both types of V2I audio and text
messages to mitigate for distraction and/or hearing limitations. However, none of the senior
participants preferred the “text message only” option. In contrary, about 25% of younger drivers
(below 65 years) preferred to receive text messages on the vehicle screen as they reported to often
listen to a music, podcast and so on while driving and prefer not being interrupted. Nearly 62% of
younger participants preferred the audio messages and 13% preferred to receive both types of
messages.
By reviewing the in-vehicle footage of drivers’ eye and foot movements, Figure 5.7 was created
to explore age and gender differences in noticing the V2I text message inside the vehicle.
Accordingly, it was found that 35% of younger participants did not notice the V2I text message,
while 43% of seniors did not notice that the message was displayed on the screen. Almost 50% of
the senior noticed the message immediately, however, less than quarter of younger drivers (22%)
noticed the message immediately. In terms of gender, over half of female drivers (55%) did not
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notice the message, 9% noticed it immediately, and the remaining 36% noticed the message after
a few seconds. On the other hand, about 31% of male drivers did not notice the message, 15%
noticed it immediately, and the rest of 54% noticed the message after a few seconds.

Figure 5.7. Comparisons of noticing V2I text message by age group (7.a) and gender (7.b)
Furthermore, Figure 5.8 shows the differences in driving behaviors among the participants in V2I
Text scenario. According to the left plot, there was no significant difference in the minimum
deceleration value among participants. However, less variation was observed among those who
noticed the message as soon as it was displayed. The middle plot shows that participants who
noticed the message as soon as it was displayed, had relatively lower approaching speed. Those
who noticed the message just before the curve initiation had the highest average approaching
speed. The right plot illustrates that drivers who noticed the message as soon as it appeared, better
complied with the reduced speed limit compared to other drivers.

Figure 5.8. Driving simulator variables of those did not notice V2I-Text message
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Moreover, the video recordings were analyzed to identify whether V2I communication via text
message does not negatively affect drivers’ safety by shifting their attention from the roadway to
the in-vehicle screen. Although no unsafe behavior was observed among the participants, there
was a difference in the time and glimpses at the screen among participants. It was found that the
average time needed to read the message was 3.1 seconds among all participants. Surprisingly, the
average gaze time was about 3.5 and 2 seconds among younger and older participants, respectively.
In terms of gender, the gaze time were higher among female (3.5 sec) compared to male
participants (2.9 sec). Also, younger participants had a greater number of glimpses at the screen
compared to seniors. In fact, 29% of younger drivers had one, 47% had two, and 24% had more
than two glimpses at the screen. While 66% of seniors had one and 34% had two glimpses at the
simulator screen. About 35%, 53%, and 12% of male participants had one, two, and more than two
glimpses at the screen. On the other hand, half of the female participants had one glimpse at the
screen and the other half were looking 4 times at the screen, on average.
5.6. Discussion
As discussed earlier, the average approaching speed (41 mi/h) was less than the posted speed limit
(45 mi/h) and ranged from 29 to 63 mi/h. In fact, 13 participants (including three senior and 10
younger drivers) had the approaching speed above the posted speed limit (average=48 mi/h and
std=2). The results revealed also that younger and male drivers tend to drive at higher speeds at
horizontal curves which is consistent with Ali et al. (2022), Wang et al. (2019), Farah et al. (2007).
Although there was a variation in approaching speed across the scenarios, the difference was not
statistically significant meaning that drivers were driving consistently throughout the experiment.
The first hypothesis of this study (i.e., whether supplying drivers with in-vehicle V2I information
affects drivers’ behavior) was accepted at 95% confidence level. Minimum deceleration rate and
speed before curve initiation were used as measures of driving behavior and both were found to
be lower in the V2I communication scenarios compared to the base one. This is consistent with
Guan et al. (2022) and Calvi et al. (2022) who found that warning system resulted in a lower speed
and deceleration rate among the participants.
In terms of speed compliance, female drivers had higher compliance rate compared to male drivers.
Female drivers had a compliance rate of 17%, 42%, and 58% at the base, V2I_Text, and V2I_audio
scenarios, respectively. About 20%, 36%, and 48% of male drivers complied the speed limit at
base, V2I_Text, and V2I_Audio scenarios, respectively. Both male and female drivers showed
higher compliance rate at the V2I_Audio scenario followed by the V2I_Text scenario. The base
scenario had the lowest compliance rate among male and female drivers. In terms of age groups,
38%, 46%, and 62% senior drivers complied with the speed limit at the base, V2I_Text, and
V2I_Audio scenarios, respectively. Similarly, 38%, 46%, and 50% of younger drivers complied
with the speed limit at the above scenarios. This shows that the compliance rate was very similar
across different age groups. Additionally, the V2I_Audio scenario had the highest compliance rate
across both age groups followed by V2I_Text and base scenarios.
The second hypothesis (i.e., there is a difference in drivers’ behavior using text or audio messages)
was also confirmed based on the results of this study. Minimum deceleration rate was at its lowest
in case of the audio warning message followed by the text message and the base scenarios. This
means that drivers were more reactive when audio message was supplied compared to other
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scenarios. Therefore, audio warning message was more promising in improving drivers’
compliance with posted speed limits at horizontal curves.
Although no unsafe behavior was observed in this study when the audio message was provided,
this might be a function of the content of the audio message. In this study, the audio message was
“curve ahead, speed limit of 25 mi/h”. So, the audio message was not started with phrases such as
“reduce your speed” or “speed limit” to command drivers to take an action. In contrary, we started
the message with an opening of “curve ahead” to allow drivers respond to the message instead of
reacting to it. However, we suggest that future research to further investigate the impact of content
of V2I audio messages on drivers to better understand to what extent the content of audio warning
messages could affect drivers’ behavior.
The minimum deceleration rate was found to be very similar in the V2I text message and the base
scenario. This finding suggests that drivers were less reactive to the text message compared to the
audio message. It should be also noted that only 62% of drivers noticed the V2I text warning
message which might impact the results. Therefore, future studies are recommended to collect a
larger sample of participants to verify this finding.
It should be noted that V2I text messages on the in-vehicle screen is prone to not being visible to
the drivers. Also, it might create safety threats to the drivers by shifting their attention from the
roadway to the in-vehicle screen. However, this could be mitigated by positioning the screen in
such a way that the screen can be easily seen by the drivers. This can minimize switching the
driver’s view and attention between the road and the screen. Future studies are recommended also
to further explore the impact of in-vehicle screen position to identify the best position of the invehicle screen in case of V2I messages. This issue is even more important among seniors who may
have vision problem, slower reaction, and attention issues. Although some senior participants in
this project showed lower number of glimpses and time taken to read the text message, they
reported to have no health and medical issues and were still in work force. Therefore, we suggest
that future studies should include senior drivers with different physical and medical limitations to
identify to what extent V2I communications can improve their driving behaviors. One of the
interesting results of this study was that the percentage of female drivers (45%) who noticed the
text warning massage on the vehicle screen was smaller than the corresponding percentage of the
male drivers (69%).
With respect to the third hypothesis (i.e., seniors and female drivers better comply with speed limit
than younger and male drivers once V2I messages are provided), the hypothesis was also
confirmed. The ANCOVA model showed that type of warning message, age, and gender were
significant in the curve initiation speed. The post-hoc analysis revealed that the audio V2I
communication message resulted in higher compliance rate with speed limits followed by the text
message and the base scenario. Although the difference of speed on the curve was not significantly
different in the text message and the base scenario, the audio message was resulted in a
significantly lower speed on the curve.
Moreover, younger male drivers were found to have higher driving speeds on the horizontal curve
which is consistent with Wang et al. (2018) and Abdel-Aty and Radwan (2000). Since there was
no significant difference in the approaching speed among male and female drivers, lower driving
speed (more compliance with the posted speed limit) on the horizontal curve among female was
therefore due to the in-vehicle V2I audio message.
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Chapter 6. Conclusions and Recommendations
Seniors are among the road users who are most at risk of fatalities and serious injuries from traffic
collisions. As the number and proportion of older adults grows in many countries, it is important
for scholars to look further into the issues and solutions related to senior safety. To this end, this
study aimed to investigate the challenges and risk factors of senior road users (as pedestrians and
drivers) in the current transportation system. This effort allows transportation authorities to better
understand senior road users’ needs and challenges. Therefore, they can provide a safer
transportation network in future. Since future transportation system will depend mainly on
Advanced Vehicles Technologies (AVTs) and Autonomous Vehicles (AVs), this study strived to
explore senior road users’ behavior, preferences, perceptions, and attitude to a wide range of AVs
and AVTs.
The first part of this study examined the determinants of older adults’ susceptibility to pedestrians’
incidents through a holistic consideration of several factors including “level of difficulty while
walking”, “fear of falling”, “level of pedestrian confidence”, “crossing evaluation capability”, and
“level of risk-taking crossing behavior” besides their demographic characteristics. A large sample
of participants were asked to report their health conditions and pedestrian behaviors while walking
on sidewalks or crosswalks. Since previous studies did not account for fall history in studying
pedestrian collisions, this study accounted for both fall incidents and pedestrian collisions. The
reason is that fall incidents of older adults are among the factors that influence their involvement
in pedestrian-vehicle crashes.
Therefore, the first contribution of this research is to jointly examine the factors that contribute to
older pedestrian falls and pedestrian-vehicle collisions (e.g., having been struck or nearly struck).
Moreover, most related prior studies have focused mainly on investigating a specific age-related
human factor on pedestrian collisions or fall injuries. However, no holistic investigation of
different human-related factors affecting older pedestrians’ safety was conducted. Therefore, this
study identified and quantified the most significant human-related factors (i.e., health condition
and risk-taking behavior) contributing to older adults’ involvement in pedestrian incidents using
structural equation modeling. This multivariate analysis technique allowed us to infer latent factors
reflecting health and behavioral features of older adults, which cannot be identified through direct
observation. Therefore, the second contribution of this study is to identify the extent to which
multiple health and behavioral latent factors were causing or leading older adults to be involved in
pedestrian incidents.
The findings revealed that the "level of walking difficulties” and “fear of falling, FOF” and
crossing evaluation capability are the main determinants of older adults’ susceptibility to
pedestrian incidents. Also, gender, age, pedestrian role, employment status, and education level
were all found to be significant factors.
These results mean that noteworthy improvement in the safety of older pedestrians’ can be
achieved mainly by addressing their walking difficulties which also might lower their FOF to some
extent as a side-product.
Therefore, future research is needed to explore the most effective solutions to address older
pedestrians’ walking difficulties. This can be accomplished through the identification of designand planning-related preferences of the target group (older adults with walking difficulties) at
sidewalks and crosswalks and the extent to which these could improve their safety. In addition,
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the impact of advanced mobility aids (such as seated and standing motorized carts and scooters)
on older pedestrians’ involvement in pedestrian incidents are unknown. Future research is
recommended also to investigate the impact of advanced mobility aids versus conventional ones
on older adults’ walking ability, FOF, and involvement in pedestrian incidents in more detail.
By identifying the major challenges and limitations of older adults, this study provides
transportation authorities with valuable insights to maximize safety improvements of older
pedestrians through prioritizing safety plans, policies, and programs. This can be accomplished
through planning, designing, improving sidewalks and crosswalks considering walking, FOF, and
crossing evaluation capability of older adults. Considering the results of this research,
transportation authorities are recommended to promote public awareness programs to help and
support older pedestrians at sidewalks and crosswalks. as Also, they are recommended to develop
training programs, especially for older male adults who are at their elevated risk period (i.e., 6575 years old and still working) due to being more exposed to sidewalks and crosswalks. This might
help in improving their walking and crossing skills. Also, to support walking difficulties and
crossing evaluation capability of older adults, transportation authorities can consider providing
dedicated signalized crossing at critical locations, adjusting signal timing (i.e., extended crossing
time) to enable older pedestrians with walking difficulties to have a safe crossing. Enough crossing
time and protected crossing environment are thought to lower FOF among older pedestrians with
walking difficulties and consequently improve their crossing evaluation capability. Funding and
promoting research on dynamic adjustment of traffic signals equipped with high-tech sensors
detecting older adults’ presence (push buttons, image processing, and walking speed detectors) are
other possible countermeasures to improve the safety of older pedestrians. Moreover,
technological advances would be promising tools in mitigation of older adults’ susceptibility to
pedestrian incidents by allowing drivers to be alerted about the presence of older pedestrians when
they are nearby.
The second part of this study provides an in-depth analysis of the contributing factors affecting
older drivers’ crash size and severity along with the near-term impact of the COVID-19 stay-at
home order in Louisiana (2019 and 2020). The study also shows the changes in senior drivers’ risk
factors by comparing the results of this study with the previous crash severity model developed
for the same target group (i.e., senior drivers in Louisiana) for 2014-2018 period. Additionally,
this study revealed the differences in risk factors among senior and general drivers’ population
investigated in other studies during the COVID-19 pandemic.
Few prior studies have been sprung to identify the impact of the COVID-19 pandemic on road
collisions. However, these studies have been mainly focused on the impact of the pandemic on
crash frequency and distribution, mostly over a short period of time (3 months or less). In addition,
very limited research examined the impact of COVID-19 pandemic on crash severity and there is
no such analysis among senior drivers. Therefore, this study fills the aforesaid gaps using a longer
period of data (i.e., 9 months after the beginning of the COVID pandemic) among one of the most
vulnerable groups of road users, i.e., older adults.
The findings revealed that “Driving maneuver & crash location”, “Road features & traffic control
devices”, “Driver condition & behavior”, “Road geometric characteristics”, “Crash time &
lighting”, and “Road class” as well as “Pandemic” variables were the main predictors of crash
severity among senior drivers. However, it was found that age, gender, vehicle characteristics,
environmental condition, and speed were not among the risk factors among senior drivers.
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By comparing the findings of this study with the results of prior studies, it was found that speeding,
seatbelt usage, and alcohol consumptions were not risk factors among seniors during the COVID19 pandemic as it was observed among the general drivers’ population (including all ages) by
Dong et. al (2022). Comparing the crash severity model developed in this study with the previously
developed model using 2014 to 2018 crash data in Louisiana, it was found that road departure,
lane departure, intersections, highways, two-way roads with no physical separation were
consistently the risk factors affecting crash severity and size among senior drivers. This was the
case long time before (from 2014 to 2019) and during the COVID-19 pandemic (Hassan and
Doulabi, 2021). Although this study reveals that inattentiveness has been a risk factor among
senior drivers before and during the pandemic, its impact on crash size and severity was worsened
during the pandemic. Moreover, violation, crash time and lighting were found to contribute to
senior’s’ crash size and severity during 2019 and 2020.
By identifying the major contributing factors to senior drivers’ crash size and severity, this study
provides transportation authorities, researchers, and manufacturers with valuable insights to
improve older drivers’ safety by prioritizing plans, programs, strategies, and policies according to
their challenges, risk factors, and needs. According to the results of this study, promoting the usage
of AVTs among seniors can dramatically improve their safety and lower the odds of fatality and
severe injuries among senior drivers. Funding and promoting research to identifying seniors’
challenges, perceptions, attitudes, concerns, and willingness to pay and use such technologies can
help transportation authorities and manufacturers to better adjust their strategies and policies.
Researchers are therefore suggested to explore these issues through stated preference surveys as
well as driving simulator experiments. This study can be used as a benchmark for future studies to
compare the risk factors and the impact of the pandemic across different states.
The third part of this study focused on examining senior road users’ perception and attitude toward
AVs and AVTs. Achieving older adults’ acceptance of automated driving is critical to maximize
the benefits of AVs (such as improved safety, accessibility, and mobility) on a broad scale. To
fully understand the state of the acceptance, seniors’ perceptions and attitudes toward AVs was
explored. Moreover, seniors’ perceptions and attitudes toward SAVs, FAVs, and shared AVs are
of primary importance as they greatly impact the transitional period from current human driven
vehicles to FAVs, as well as the characteristics of the transportation system during and after the
transitional period.
Using a national survey study among a representative sample of senior Americans, this study
analyzed older Americans’ perception and attitude toward AVs (SAVs, FAVs, and shared AVs)
from the perspective of users and pedestrians. Beside demographic characteristics, their current
pedestrian crossing behavior, stated pedestrian crossing behavior in the presence of AVs, and
attitudes toward shared AVs, SAVs, and FAVs were studied to identify homogeneous clusters of
seniors. Although the state-of-the-art literature tends to focus on senior pedestrians or AV-users
separately, this study contributes to the literature by investigating older Americans’ perception and
attitude to AVs from the perspective of AV users and pedestrians simultaneously. Because the
study was conducted during the COVID-19 pandemic, it provides useful information regarding
older adults’ perception and attitude toward AVs under the effects of the pandemic.
The findings of Principal Component Analysis (PCA) revealed that “risky pedestrian crossing
behavior,” “cautious pedestrian crossing behavior in the presence of AVs,” “positive perception
and attitude toward shared AVs,” and “demographic characteristics” were the main components
explaining most of the variation within the data. K-mean cluster analysis was conducted using
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identified PCs and resulted in three distinctive clusters. The main determinants of cluster
distinction were found to be “cautious pedestrian crossing behavior in the presence of AVs,”
“positive perception and attitude toward shared AVs,” and “demographic Characteristics.”
The results revealed that one cluster out of three included low demographic scored individuals
(i.e., not owning their place of residence, living in suburban or rural areas, not driving, or having
zero or one vehicle within their household) with negative perceptions and attitudes toward shared
AVs, as well as pedestrian-AV interaction. In addition, they were not utilizing AVTs available to
them and were reluctant to pay extra for such features.
The other two clusters included individuals with higher demographic scores. Although one cluster
showed positive perceptions toward shared AVs and was skeptical of pedestrian-AV interactions,
the other cluster had negative perceptions toward shared AVs, but included some individuals with
positive perceptions toward pedestrian-AV interactions. Individuals in these two clusters were
utilizing AVTs available to them and were willing to pay extra for such features.
Transportation authorities and manufacturer companies can benefit from this research by
understanding seniors’ perceptions regarding shared AVs, SAVs, and FAVs to prioritize their
plans, programs, policies, and strategies. Also, the current study reveals seniors’ perceptions and
attitudes to use a wide range of AV options during the COVID-19 pandemic.
The last part of this study examined the impact of different types of V2I warning messages (i.e.,
audio and text messages) on older drivers’ behaviors while approaching a horizontal curve on a
two-lane two-way rural road. Their driving behaviors were compared then to the base scenario
(e.g., standard fixed warning message and speed limit signs on the road). A sample of 37
individuals participated in a driving simulator experiment including three horizontal curves where
three different types of warning messages were provided. Drivers were advised to reduce their
speed from 45 mi/h to 25 mi/h due to approaching horizontal curves.
Although there are several studies investigating the impact of V2I warning messages on drivers’
behavior, very limited research has investigated the impact of different types (i.e., audio and text)
of V2I warning messages at horizontal curves. Therefore, this study contributes to the literature by
identifying the effectiveness of different V2I audio and text messages among different profiles of
drivers (i.e., age and gender groups).
The minimum deceleration rate and speed before curve initiation were the two main measures of
drivers’ behaviors. These two measures were lower in the V2I communication scenarios (audio
and text messages) compared to the base scenario (e.g., having standard warning and posted speed
limit signs on the road). It was found the audio warning message about approaching the horizontal
curves achieved higher drivers’ compliance rate with the posted speed limit compared to the text
message and the base scenario. In addition, the results of the self-reported survey revealed that
30% of seniors preferred to receive the audio warning message, while the remaining 70% preferred
to receive both audio and text messages. About 62% of younger drivers preferred the audio
message. Nearly 25% of younger drivers preferred text warning message only, while about 13%
of them preferred to receive text and audio warning messages.
Females had higher compliance rate compared to male drivers. However, compliance rate was
very similar among younger and older drivers. The results also showed that male drivers had higher
curve initiation speed compared to female. However, no significant difference in senior drivers’
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behavior was concluded in the V2I scenarios. Therefore, future studies are suggested to further
investigate the issue by collecting the data from a larger sample of senior drivers.
One drawback of this study is that it included only participants with no physical or medical
limitations. One possible explanation is that the study was conducted during the COVID-19
pandemic and hence individuals, especially seniors, with underlying health condition were
reluctant to participant in such events. Therefore, future studies are recommended to validate these
findings by collecting the data from a larger and more representative sample of senior drivers.
To sum it up, this study included four parts of research using four distinct databases. Each dataset
has a distinct characteristic. Also, the crash data included collisions on Louisiana transportation
network which has its own characteristic. Therefore, cautious should be taken before generalizing
the results of this study to other locations with different characteristics. Therefore, future studies
are recommended to further investigate the safety challenges of senior road users in the current
and future transportation systems considering the findings of this research to further address the
limitations of this research.
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